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FOREWORD 

This  r e p o r t  p re sen t s  r e s u l t s  of t he  expansion and improvement of thc 
FORMA system f o r  response and load a n a l y s i s .  
for FORTAW Fatrix Analysis. The s tudy ,  performed from 16 May 1975 
through 17 May 1976 was conducted by t h e  Ana ly t i ca l  Mechanics Departruent, 
Mar t in  Mar i e t t a  Corpora t ion ,  Denver Div is ion ,  under t h e  c o n t r a c t  NASS- 
3137~. 
Space. Adminis t ra t icn ,  George C. Marshal l  Space F l i g h t  Center ,  Hun t sv i l l e ,  
Alabama mder t h e  d i r e c t i o n  of Dr .  John R. Admire, S t r u c t u r a l  Dynamics 
Divis ion ,  Systems Dynamics Laboratory.  

The acronym FORMA s t a n d s  

The program was adminis te red  by t h e  Nat iona l  Aeronaut ics  and 

Th i s  r e p o r t  is publ ished i n  seven volumes: 

Volume I - Programming Manual, 
Volume IIA - L i s t i n g s ,  Dense FORMA Subrout ines ,  
Volume I I B  - L i s t i n g s ,  Sparse FORMA Subrouti.nes, 
Volume I I C  - L i s t i n g s ,  F i n i t e  Element FORM.4 Subrout ines ,  
Volume I I I A  - Explana t ions ,  Dense F3MA Subrout ines ,  
Volume I I I B  - Explana t ions ,  Sparse FORMA Subrout ines ,  and 
Volume IIIC - Explana t ions ,  F i n i t e  Elemect FORMA Subrout ines  
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ABSTRACT 

",'his report- p r e s e n t s  techniques f o r  t he  s o l u t i o n  of s t r u c  t n r a l  
dynamic systems on 2.1 e l e c t r o n i c  d i g i t a l  computer using FO,W (FORTRAN 
- Matrix & a l y s i s )  . 

FO.@lA i s  a l i b r a r y  of sub rou t ines  coded i n  FORTRPN I V  f a r  t h e  e f f i -  
c ient .  so luc ion  of s t r u c t u r a l  dynamics problems. These s u b r o u t i n e s  a r e  
i n  t h e  form cf b u i l d i n g  blocks t h a t  can  be pu t  t o g e t h e r  t o  s o l v e  a l a r g e  
v a r i e t y  of s t r u c t u r a l  dynanics  problems. The obvlous advantage of the 
b u i l d i n g  block approach is t h a t  p r  gramming and checkout time a r e  l i m i -  
t ed  to t h a t  r e q u i r e d  for  p u t t i n g  t h e  blocks t o g e t h e r  i n  t h e  proper  o r d e r .  

The F O M  method h a s  advantageous f e z t u r e s  such as: 

1. subrou t ines  i n  t h e  l i b r a r y  Rave been used e x t e n s i v e l y  f o r  many 
y e a r s  and a5 a r e s u l t  are w e l l  checked o u t  and debugged; 

2. method will work on any computer w i t h  a FORTRAN I V  compiler ;  

3. i n c o r p o r a t i o n  of new s u b r o u t i n e s  is no problem; 

4. b a s i c  FORT+W s t a t emen t s  may be  used t o  g ive  extreme f l e x i -  
b i l i t y  i n  w r i t i n g  a program. 

Two programming techniques are used i n  FORMA: dense and sparse. 
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gramming too l .  



I- 1 

I. INTRQDUCTION 

A l i s t i n g  of the source deck of each f i n i t e  element FORMA subroutine 
i s  given in th is  volume to  remove the "black box".aura of the auuroutines 
so that the analyst may better understand the deta i led  operations of each 
subrimtine. 

The FOIURAN IV progtanvlfng language i s  used in all f i n i t e  elemear 
F O W  subroutines. 
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The subroutines are given in alphabetical order wkth  numbers 
coming before letters. 
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C 
C 
C 
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C 
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C 
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SUGPCUTINF TC CALCULATE- (CrN C;PTICN) F I N I T E  ELEMENT 0 0 0  

P A I S  MATRICES ANI: I V E C S  CCN N U T M X I t  
STIFFNESS M&TRlC€S ( S A M €  AS CCCRAL LOA0 TRANSFORMATIOIV f l A f R I C E S  1 
ANC IVFCC (CN NUTK)Or 
L P C b L  L C A D  TPANSFORVATICN M A T F I C F S  AND I V F C S  ( C N  NLITLT), 
S T R E 5 S  TRcNSFPPMATICN M A T R I C E S  AND I V E C S  (ON N U T S T )  

FOR A X I A L  PPG EL€MEr<TSo 
HbSS. ST'FFNFSS V A T R I C F Z  APE I N  GLOPAL C C Q P D I N A T E  D I R E C T I O N S o  
GLOBAL CI3OrtDINATF QRKJEP FClR EACH ELEHENT XS 

(UIVVW) J C l N T  1. ftiFN J C l N T  2 0  
WhERE L ' p V 9 W  A P t  T R A N S L A T I O N S -  
I V E C  G I V E S  ELElv l tNT DCf INTI3 GLCBAL DUF- E X A M P L € S - - o  

! V E C ( b ) = P 3 4  PLCCES E L L H E N T  DOF 6 I N T O  GLOPAL DOF 834. 

ELEMENT DClF 3 T O  ZERO MOTION, 
I V € C ( 3 ) = 0  CIMITC EL€MEF!T DDF 3 FRGM GLOPAL DOFo THIS C O N S T R A I N S  

GLGPAL L G L D  TPCNSF@PMATICN M A T R I X  R F L A T F S  LOADS AT ROD ENDS I N  G L O E A L  
CClClROINPTE D I R E C T I O N S  TO D C F L E C T l O N S  I N  THE GLOBAL COORDINATE 

ROW OQDER I N  GLCFPL LCiAD TRANSFCRMATION M A T R I X  I S  

WFIEPF P I C  FC'PCF, 
LOCAL LCAD T K A N 5 F O K M A T I O N  M A T R I X  PFLATES LCADS A T  POD ENDS I N  L O C A L  
COUPDIRATF SYSTEM TO D € F L E C T I O K S  IN T H E  GLOBAL COORDINATE 

ROW ORDER I N  LOCAL LDAC TRXKSFORMATION M A T R I X  IS 

D I R E C T I C N S  

(PU,PY,FW) JC'INT 1 ,  THEN JOINT 20 

D I R E C T  ICNZ 

P X l T P X 2  
WHEPF PX I C  A X I A L  FC'PCE. 
PXl(-)r P X 2 ( + )  IS TENSION- P X l ( + ) i  P X 2 t - I  IS COMPRESSION. 
STRE>-S TRANSFORMATION M A T R I X  F E L A T E S  STRESS AT ROD ENDS I N  LOCAL 
COOPCJRATF SYFTFM TC' D E F L € C T I O N S  I N  THE GL@PAL COORDINATE D I R E C T I O N S o  
ROW UPDFF; TN CTRFSY ?RCffSFGRMATfON M A T R I X  IS 

SIGMA-X1 ZIGMA-X2  
WHFRE SIGMA TS RORMAL STPFiSSo 
S X I ( - ) .  S X 2 ( + )  IS VFNSIONm S X l ( + ) ,  C , X 2 f . - )  IS COMPRESSION0 
DATA AFRPNCEMtNT ON NUTMXT NUTKX, NUTkto N U T S T  FOR E A C H - F I N I T E  
ELEMFNf I5 IH=W,K r L T 9 S T )  

WkITF (NUTWX) NAMEW .NtLvNKTNC,NAMEL q t  I R L N K . 1 - 1  9 5 )  9 

C P L l S  FCRMA SUPKC'UTINFS MASY A T  PAGFHC, STFIA. fZB@MR 
D E V E L O P E D  P'f WA E I ) U F I € L D .  f S  B O D L € Y ,  RL WOIiLENo JANUARY 19330 
L A S T  P E V l S I O N  EY W b  EEfuFY.€LD,  MARCH 1976- 

t 4 W (  1.J 1 9  I = l r N R  1 rJ=l*PJC 1, ( I V E C (  I )  t I = l r N C )  
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C 
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D E F I N I T I f ? N  CF INPUT V A R I P b L E S o  
NAREH TYPF CJF MASS M A T R I X  WANTED- 

= E l 9  @ I A G O N A L  LUMPED, 
= M 2 9  CONSX'TENT. 
= t b  OR 6HN(JMASS, NO M A S S  M A T R I X  CALCULATED, 

NAMEK = TYPF CF YTlFFNESS W A T P I X  WANTFD. 
= K l t  CONSTANT A X I A L  FORCE ASSUMED, 
= 6P CR bHNOSTlF, NO S T I F F N F S S  MATRIX  CALCULATED. 

MAMELT = I D E N T I F ? C A T I O N  NAMF FOR LOAD T P A N S F O R P A l I f N  MATRICES.  

MAMEST = I D E N T I F I C A T I O N  NAM€ FCR STRESS TRANSFORMATION MATRICES.  
= 6Fi OR 6FNC!LL'AC'9 N@ LOAD TRANSFORMATIONS CALCULATED, 

= 6h LIR 6HNOSTRS, NO STRESS TRARSFORHATIONS CALCULATED. 
RC! = r;:SS P E N S I T Y .  
E = YCUNGS MCDULUS 6F E L A S T I C I T Y .  
N E L  = F f N I T f  ELEMENT NUMBER, FOF REFERENCE ONLY, NOT USED 1M 

C A L C U L A T I O N 5 o  W R I T T E N  ON NUTMXW ETC, 
J1 = JPIh!T NLlMBER AT PC!D END 1. 

A 1  = CRO5Z-SECTION A R F A  A T  RCD END 1 ,  
J2 = JC'IhT NVMBEO AT ROD FND 20 

A 2  = CKOSS-SECTICN A R € A  A T  SOD END :- 

SUERPUT I N F  ARGIIMENTS ( A L L  XNPUT9 
x Y L  = M A T R I X  OF JL ' INT GLC'EkL X.V.2 L O C A T I O N S -  PCWS CORRESPOND 

TC Jt'IWT NUMBFRS, CCLUMNS 1,293 CnRRESPOND TO THE J O I N T  
X , Y v Z  LClCATIONS R € S P E C T I V E L Y -  S I Z E ( N J , 3 ) o  

JOOF = M A l F I X  OF J O I N T  G L O e A L  DECREES OF FPEEDOM, ROWS CORRESrOND 

TPANSLATYCW DCIFS AND COLUMNS 40596 CORKESPCND 'io THE J O I N T  
TC J C I N T  NlJMCiFRSo COLUMNS 1.2 93 CORREZPOND TO THE JOINT 

R O T A T I O N  DOFS, S I Z E ( N J , 6 9 .  
E U L  = MATRTX OF J C I N T  FULER ANGLFS 4CFGREFS). ROWS CORRESPOND 

TP JPINT NUMB€RSo COLUMNS 1 , 2 9 3  CORRESPOND TO THE 
G L E P A L  X t Y , Z  PERMUTATION. S I E F l N J t 3 9 .  

l P I S  SUBROUTINE. IF R U T E L  = 5 9  DATA I S  R€AD FROM CARDS, 
N U T E L  E L O G I C A L  N U K F E H  CiF TAPF C O N T A I N I N G  ELEMENT I N P U T  D A T A  FOR 

Nd = NUMPFR CF J O I N T S  OR F9WS I N  M A T R I C E S  ( X Y Z ) r  ( JDOF) .  ( E U C ) .  
NUTMX = L C G I r - A L  NUMbFK OF U T I L I T Y  T A P E  ON WHICH ELEMENT 

MASS M A T P I C E S  AND I V E C S  ARE IrU1PUT- 
NUTMX M A Y  P F  ZEPO I F  M A I S  M A T R I X  IS N C l  FORMED. 
USFS FORTRAN PEAD, WRITE. 

NUTKX = LC'GICkL NUMPER OF U T I L I T Y  T A P E  ON WHICH €LEMEN'b 
S T I F F N E S S  M A T R I C E S  l S A M F  A S  GLOBAL LOADS TRAPSFORHATION 
M A T P I C F C )  ANG I V F C Z  A R E  OUTPUT. 
PJIITKX MAY P F  Z F F . 0  IF STIFFNESS M A T R I X  IS NOT FORMED. 
U S € S  FCRTRAN READ9 WPITE.  

NUT1.T = LOG1CE.L MUMbER OF U T I L I T Y  T A P E  ON WHICH ELEMENT LOCAL 



C L P A D  TRANSFORWATICN Mb.TPfCES AND I V E C '  ARE CUTPUT, 
c NUTLT M P Y  R E  Z E P C  IF LOA@ TRANSFORMATIONS ARE NOT FORMED- 
C USFS FCRTKAN R E A C T  WRIT€ .  

C S T R F S S  T P A N Z F I R M b T I O N  M A T P l C € S  AND IVECS ARF OUTPUT, 
C NUTCT MAY ti€ Z E R O  I F  STRESS TRANSFORMATIONS ARE NOT FORMED, 
C l J 5 E  f FORTRAN RE AD WR I T E o  
c w  = M A T P I X  WfPK SPACE- WIN S I Z E ( 6 r b ) o  
C T  = M A T K I X  WDRK SPACE-  M I N  S I Z E ( 6 9 6 ) -  
C S  = M A T P I X  HOPK SPACE. M I N  S I Z E t 6 t b ) -  

C NUTST = L P C I l r A L  NUMEEQ @F U T I L I T Y  T A P €  GN WHICH FLEHENT 

C KX = R @ W  DIMENSICIN O F  X Y Z  I N  C A L L I N G  PROGRAM, 
C K 3  = PrW D I M E N S I O N  O F  JDOF I N  C A L L I N G  PROGRAM- 
C K F  = RUW D I M E N S I G N  O F  FUL I N  C A L L I N G  PROGRAM- 
C KW = ROk D I M E N S I @ N  OF W T  T, AND 5 IN C A L L I N G  PROGRAM- #3PI=be 
C 
C NEPRCR E X P L A N A T I C N  
C J = J C I N T  Nt!MPER GREATER THAN NUMBER C c  J O I N T S -  
C 2 = M A S S  MLTC'IX FQRMED, NUTMX ,LE- ZERO- 
C 3 = S T I F F N € S S  M A T R I X  F O R M E O T  NUTKX OLE- ZERO, 
C 4 = L T  M A T P I X  FCFHFD, NUTLT OLE- ZERO, 
C 5 = ST M A T R I X  FCRft t13~ NVTS? ,LE- ZERO, 
C 
IO01 FCRMkT (4  ( A 6 p a X )  
1002 FORMAT (2 t 5 X p E I C . G )  1 . 
1003 FORMAT (3 I F  94E10.0)  
2001 FORMAT ( / / 4 6 X  2 9 h I N P U T  UA'IA FOR A X I A L  ELEMENTS)  
2002 F@RMAT ( / / & O X  4 1 H X N P U T  DATA FQF. A X I A L  ELEMENTS (CONTINUED)  1 
2003 FORMAT ( ?  16X7HMASS A b *  S X 7 h S T I F  = A 6 r  SXl3HLQAD TRANS = A 6 9  * hX15HSTRESS TRANS = A6r 

* / 1 8 X 4 H R O  = E10-31 9X3HE = E10-3, 
* F I 1 6 X S H E L E M E N T  13X 'PHJOINT 1 1 3 X 7 H J O I N T  2 15X4HAREA * I 6 X W C R E A  ? 16X6HNUMEER 5 5 X 7 H J O I N T  1 13X1HJOINT 2 I 1  

2004 FORMAT C1X 31209 14X t P ( i - 3 9  1 O X  E1003) 
c 
C READ AND W R I T E  F I R I T €  ELEMEhiT DATA, 

N L I N E  = 0 
C A L L  PAGEbD 
WRITE ( N C T ' T ~ O O ~ )  

R E A D  ( N U T E L ~ I G O Z )  RP, E 
W R I T E  ( NL! T920@3 1 NAME MTNAMEKTNAMELTTNAMEST~RO rt'  

(NUYFLTI 001 NAM FMTNAMEKTNAMELTTNAMEST 

20 READ   NUT EL TI^^^^ NFL ~ J ~ T J S V A ~ T A Z  
I F  ( J1  .LE-  0 )  RETURN 
N L I N €  = NI-INE + 1 
IF (NLINE ,LE- 4 2 1  GO T O  30 

W R I T E  (NOT92OO2)  
WR I T F  ( N O T ~ 2 0 0 3  1 NAMEM,NAMEKTNAMELT L N A M E S T ~ R O ~ E  

CALL PAGEHO 

N L I N F  = 0 
30 WRITE ( f 'JOT~2004)  NELp J l f J 2 , A l ~ A 2  

NERROR=1 
I F  (J1 -61- N J  *OR, J 2  SCT- N J  1 GO TC 999 

C 
C FORM F I N I T E  ELEMtNT COORDINATC L O C A T I O N S T  EULER ANGLE!. REVADD I V E C -  

DO 42 I=1,3 
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c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

SLJRPFCTXVE TI? CALCULATE FINIlE ELEMENT,., 
F. UC KL I N G  kATR IY 

F@q L N  A X I A L .  RC3  ELEMENT WITH L N R E S T R A I N F D  F:.!UNDARIES. . 

BUCKLING Y P T F  I X  15 IN LOCAL C 0 0 R G I N 3 T E  S Y S T E M -  
TWE LC-CAL ,CUEDINATE SYSTcM ASSUME2 i h E  POD TO L I E  I N  THE X-2 PLAIvE 

LOCAL CCORDIKATE URsER I S  

RUCKLING MATRIX r c  P ~ S F C  nh; UNIT AXIAL L m r .  

WITh JOINT 1 AT ThE @RIGIN, SOIPJT .2 ALCNG THE P O S I T I V E  X A X I S .  

D Z l r E L 2  
WhFRE 32 15  T R A N S L A ’ T I 3 K ~  
DEVELOFED F Y  RL WCHLEN, AUGLI?? 19?3, 
LAST FEVTSICF.’  ‘2Y FiL WCbLEN, ‘-SEPTEMEER !.Q?:= 



6 182 

SU P*R OUT 1 N E 
DIMENSICN Z ( K Z r l 1  

8 1 A2 t R'- t 2 s K 2 1 

C 
C SllERCUTAiV5 TC CALCULATE F I N I T E  ELEMENT-. a 

C E U C I i I h G  MATG I X  
C FCP 4 EEAP ELFMENT k I T H  UNRESTPAIKED BOONDAPIESo 
C EUCKLING H A T R I X  1: BASED CN 
C BUCKLING HATRIX IS I N  LGCAL 
C THE LGCAL COORDINATE SYSTEM 

C LOCAL CCORDXNATE ZIRDFR IS 

C WHEPE DZ IS TRANSLATICN AND 

C WITk JOINT 'I AT Tt.E F R I G I N 9  

c DZ 19922 pfV1  pTY2 

UNIT AXXAL LCADo 
COORDINATE SYST€Ho 
ASSUMES THE PEAH TU L I E  PN THE X-7_ PLANE.  
JOINT 2 ALCIYG THE POSITIVE X A X I S -  

TY rs ROTATICDL 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 

C 
C 
C 

SUBROUTINF T C  CPLCULATF (ON O P T I P N )  F I N I T E  ELEMENT - 0 0  

M A S S  Y A T R I C F S  AND I V E C S  (CN NUTMX), 
STXFFNESS K k T R I C E S  CSAME AS G L C E A L  LOAD TRANSFORMATION M A T R I C E S  1 
AND I V E C S  (CY NUTKX), 
UNXT L t A C  E?UCKLINT- MATRICES AND I V E C S  (ON NUTBX), 
LDCAL L O P E  TPANSFnPMATION M A T R I C E S  ANI! I V E C S  (ON NUTLT) 9 

STIJES5 TEANSFORWATION M A T R I C E S  A M 5  W E C S  (ON NUTST) 
FCR CCHF I N E O  ~ X I A L - T ~ R C T ~ - E . E N D I N G  PAR FLEPIIENTS- 
MASS, ST IFFVCSSI  E U C K l i k G  # A T R I C E $  ARE IN G C 0 6 A L  COORDINATE 
DT4FC7I@FIS o 
G L C f i A L  COORDfFcjfE ERDER FOR FACH E L F H E N T  I S  

( U t V t K t P t C t P )  JC‘INT 1 t THEN J O I N T  2 
WI+;ER€ UpV-,W ARE T R A N S L A T l C N S  ANI? P9Q.R APE R O T A T I O N S -  
I V E C  G I V E 5  ELFMENT DPF I N T C  G L C 6 k L  DPFo E X A M P L E Z o o o  

I V E C ( b ) = e W  P l b C E S  ELEMENT DOc 6 I N T C  GLOBAL DOF 8340 
I V E C ( 3 ) = 0  O M I T S  ELEMENT DCF 3 FRCIS GLOEAL DWF, THIS CONSTRAINS 

GLOFAL L O A D  TFAhCFOPKATION M A T R I X  R E L A T E S  LOADS A T  BAR ENDS I N  GLOBAL 
CC@RDINPTE DikECTIONS TO D E F L E C T I O N S  I N  T H E  GLOBAL COORDINATE 

ROW UGDEQ I N  G L C F A L  LOAD TRANSFORHATION M A T R I X  Is 

ELFMENT DOF 3 T@ ZERO P(OTIC!No 

O I R € C T X P N S o  

( P U T P V V P W ~ M P T M C ~ M R )  J O I N T  I t  TPEN J O I N T  20 
WHERE P 1 5  r l t X ; C E  AND M I S  HOPENTO 
L O C A L  L f K D  TDANSFGFMATIOM P A T P I X  P F L A T F S  LOADS AT BAR ENDS IN LOCAL 

ROW ORDER I N  LOCAL LOAD TRANSFORMATION M A T R I X  IS 
CC!OP.L!IhATE ZYZTEF: TO D F F L E C T I O N S  IN THF G L C 6 A L  COCRDINATE O I R E C T I O N S o  

P x  1 t Px2 t M X l t f 4 X 2  9 F Y 1 9 P Y 2  t M Z l  .b!Z2rPZ 19PZ2 ,MY2 
WHERE P IS FCSCE AND M I S  MOMENT. 
STRFSS TFCNSFOSMATXDN M A T R I X  P F L A T F S  STRESS AT E A R  ENDS fN LOCAL 
COOGDINATE SYSTFM TC DFFLECTIC‘F’S IN THE GLOBAL COORDINATE D I R € C T I U N S -  
REW ORDER I N  STRESS T R A N S F C K M A ~ I O N  P lATkTX IS 

P X T f A ?  rPXZ/CZt M X I ~ P I / T J l t M X Z * R 2 / T 3 2 ,  
P Y  1 I A I p  PY 2 / G Z  9b’Z l * C Y I  /R I Z 1 9  FcZ2*c”Z/PT 22 9 

P Z l f  A I  t PZ 2/A2 ,MY l * C Z l / € I Y l  + P Y  2 * C Z 2 / E I Y 2  
WHEPF P T Y  F P F C E  AND M I S  MOMENT. 
OATA ARRARGEMENT C’N NUTMXr NUTKX, NUTtXt  NUTLT,  N U T S T  FOR E A C H  
F I N I T F  €LfMENT 1 5  ( K = M ~ X t P ~ L T t S T )  

WRITE (NUTWX 1 NAM€V,NFLtNR,NC 9MAMEL t ( I B L N K t  I=I 95) 9 

( ( W t  I t J  I t I = l t N R  ) t J = l r P ( C ) ,  ( I V E C (  1) t I r l , N C )  
C A L L 5  F O R M I  SUPROUTINFS E U C l E ,  M A S l E ,  PAGEHDt  STFlB, ZZPOMP.  
DEVELOPED E‘Y WA E E b J F I E L D t  CS B O D L E Y 9  R L  WOhLENe FE6RUARY 1973. 
LAST R E V I S I C N  PY R L  hCHLEN. APRXL 19760 

$ * * * * * * * * ~ 9 * ~ * * * * * * * ~ * * ~ * * * * * * ~ ~ * * * ~ * * * * * * * * # 4 * * * * * * * 4 ~ * * * * ~ * * * * * * * * * ~ * * *  

INPUT D&TA READ I N  T H I S  SUERCUTXNE FROM N U T E L -  IF NUTEL = S t  D A T A  I S  



C 
f 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
.c 
C 
t 
C 
c 
C 
C 
_c 
-c 
C 
c 
C 
C 
C 
c 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
f 
C 
C 
C 

I N P U T  DATA REQUIREMENT' 
AX1 6L TCRZICN RENDING BENDING 
ALCNC AbQUT AeOUT ABOUT 
LCCAL x LCCPL x C[?CAL 2 LOCAL Y 
--I --- -e-- u__- 

-MASS A5 t P C  P I  ,PC A.PQ L T R U  
C T I F t  LCRD TRANS A t F  TJ t G  P I 2  PAWSF. E& E I Y t A t  SFvE r G  
E X k L  XNG NCNE NQkE rw NE - NONE 
STRESS T R A h S  SEE S T I F  STIF+R S T I F K Y  S T I F + C Z  
FCR NO S H f R K  DEFC4MATIW IN FFNft lNG,  5 € T  ARY OF AtNffT I F  A X I A L  USED). 
CFt 01-' GtNPf IF TORSION IS USED) f P  ZEPO. JF SENDING SfRESS 
TRANSFCRMATICh IS WANTED, P MUST N2T BE Z E P P -  



BAR - 31 7 

C 
C 
C 
c R@ 
C E  
C G  
C N E L  
C 
C J1 
C J 2  
C JREF 
C 
C 
c A 1  
C A 2  
c P I 1  
C 
t 012 
C TJ1  
C 
C TJ2 
C 6121 
C 
c e 1 2 2  
c E I Y P  
C 
c b I Y 2  
C SF 
C 
c 
C 
c IFPYI  
c 
C 
C I F P Y Z  
C I F P i l  
c 
C 
C f F P 2 2  

D F F L E C T I C N  I N  LOCAL Y C I R F C T l O N o  
K@DE€(Z)=E-Z,  LOCAL P U C K L I N G  MbTPIX  I S  CALCULATED FOR 

DEFLECTION IN LOCAL 2 D I R E C T f O H .  
= MASS D E N S I T Y o  
= YCUNGS CCCLtLUS CF E L A S T I C I T Y ,  
= SH€AR MCDULUS Q F  F L P S T L C I T Y o  
= F T N I T E  €LFMFMT NUM@€P, FC?R PEFFRFNCE mLY9 NOT USED I N  

C A L C U L A T l C N S o  WRITTEN ON NUTMX9 E T C o  
= J t I N T  Nk'MEER A ?  EAR END 1, L @ C A L  X - A X I S  O R I G I N A T E S  A T  31. 
= JOIhUr  NUMG€R AT BAC: END 2. LOCAL % - A X 1 5  GOES FROM 31 TC J2- 
= kFFERFNCF P C I N T -  LOCAL Z - A X I S  I S  DEFIN€D 8Y VECTOR (31tJ2) 

CDO5SED iNTt? VECTOR t J l r J P E F ) -  LOCAL Y-AXIS L I E S  IN XY PLANE 
C F F  IN€D EY J1 t J2 t  JPEF 0 

c CROSS-SECTION AFEA A T  RAR END 1- 
= SAME kS A J  A T  E A R  EhlD 2- 
= CROSS-SFCTION POLAR A k F A  MOMENT OF I N E R T I A  FOR MASS 

C & L C U L & ' i X n N S  AT EbR FkD 1. 
= I R H F  AS P I 1  AT EAR ENC 20 
= CRCSS-SECTICW C@.XNT VENANTS TORSION CONSTMIT (J1 I N  3G FOR 

mmm CTIFFNESS A T  EAR END 
= S A M E  k s  TJI A T  PAP EWD 2, 
= Cwss-sEcTiarv A R E A  HOHENT aF 

= SERF AS F.IZ~ AT E A R  EN@ 2, 
(FC@ E E N D I N G )  A T  F A R  FND 1- 

= CPCSS-SECTICN AREA MOMENT O F  
t F r K  FENCING) AT EMG 1. 
S L M €  AS F X Y Z  A T  E A R  FlVD 20 

I N € R T I A  ABOUT LOCAL Y - A X I S  

= 5HAPE F A C I C F  t K )  F^P CHEAF I N  KAG, 
L'CE C F = O , O  FCF SHEPR DEFCRMATION I N  EENDlhiG, 
S F = l o O  FCGP A = L I D  C IRCULAR C Y L I N D F R -  
SG=.!5 FCW A THIN CIALLED C I R C U L A P  CYLINDKR- 

= QLN JOLNT O P T I O N  FCR LOCAL CC@RDINATE THETA Y A T  6AR END 1- 
= IF! 1 Hf'MFNT ,'DINT. 
= IPP,  PIP: J O I N T .  

= S A M F  bf I F P Y l  A T  F A R  END 2, 
= P I N  JCLNT @PTlCJN FnR LOCAL CC@RDINATE THETA 2 AT BAR EWuD 1. 

= It-! t POMENT J C I N T -  
= I&,  P I N  J C I N T o  

= ZAME AS I F P Z l  A T  F A R  FND 2, 
C 
f 
C 

C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 

.- 
G 

IFTAPk = @PTI@N FCIP TAPERED € & F O  
= PH 9 CCtlV,TTANT S F C T l C N  P R O P F F T I E S -  
= IPTr  L I N E A R  TAP€R S € C T I C N  P F O P E 3 T I E S .  

R l  = D I S T A N C E  FRDN L O C A L  X - A X I S  TO CUTER F I ' 3 E R  FCR T C R S I O N  

R 2  = SAMF A S  P? AT B A c  FFJD 2, 
CY: I =  D f S T A N C €  FPCN LCCAL X i !  PLANF T@ OUTFrC F I 6 E R  FOR 6 E N C I N G  

Z T P F C S  CALCULATION AT e m  END 1, 

STRECS CALCULATIn i ' i  AT BAR E N b  1 ,  LOC,AL V DIRECTICN. 
CY2 = S A M F  A S  CYY AT F,AR ENC' 20 
C Z l  = D I S T P N C E  FRCM LOCAL X Y  PLANE TO OUTER F I B E R  FOR B E N D I N G  

5TPF:S C L L C V L A T I O N  ~l BAP END 10 L O C A L  2 OlRECTSONo 
cz2 = SAM€ AS C7.1 AT 6 A R  END 2, 

EXPLANATION PF INr')!T FORMATS. NUMBER IM)?.CA?ES CARD COLUMNS USED. 
I = I N T F G F R  DP.TAr R I G H T  AGJUSTFD- 
E r: DECIMAL PJINT DATA, ANYWH€RE I N  r - I E L D o  EXPBNENT RIGHT ADJUSTED. 



- c XYZ - 
C 
c 
C JDOF = 
c 
C 
C 
c EUL - 
c 
C 
C NUTEL = 
I: 
C NJ - 
c NUfMX = 
C 
C 
C 
c NUVKX = 
C 
C 
C 
C 
C NUTBX = 
C 
C 
C 
C NUTLT = 
C 
C 
C 
C NUTST = 
C 
t 
C 
c w  
C T  
C S  - 
C K X  
C K J  
C KE 
C KW - 
C 

- 
- 

- 

- - 
- - - 
- - 
- - - - - 

M A T R I X  G f  JC'NT GL08AL X t Y t Z  LOCATIONSo R W S  CORRESPOND 
TC J O I N T  NUHPERS- C7LUHNS 1.293 CCRRESPOND ?U THE JOINT 
X p Y  T Z  LCCATICINS R E 5  E C T I V E L V o  S f Z E I N J e 3 ) o  
H A T A I X  CF J O I N T  G ' , \ ? ' A L  DEGRE€S CIF FPECDOM- ROWS CORRESPSOND 
TO JOENT NlWEER.;, i LYUFINS 1.293 CURRFSPOND TO ThE JOINT 
1FANSLATION O W S  A f O  COLUMNS 4 .596  C[?RR€SPCH) TO TdE J O I K T  
RCTETION D@fS-  S X Z t ( N J t 6 ) -  
R L T R I X  GF J C I b T  '$l'/l ER ANGLES (DEGREES)- ROWS CORRESPOND - 
T O  JOINT NUHEflP.S. CI)LUFINS 1.293 CORRESPOND TO THE 
GLCEAL X T Y T Z  !@HKWATIONo SILE(NJ,3)o 
LOGICAL NUHFEP CJK TAPF C O N T A I N I N G  ELEWEN? INPUT DATA FOR 
T P I S  5UPRCUTkhf- 1): NUTEL = 3. DATA I S  READ FRUH CARDS- 
NUMPFR [?F S O I Y T S  lr4 RCZWS I N  MATRICES ( X Y Z i r  ( 3 C O F ) t  (EULla 
LlG1CA.C NUYEIFS tX \ f l L I T V  TAPE CW NHICH ELEMENT 
PASS HATPICE! AND 1 VECS A R €  OUTPUT- 
PIITPIX NAY eE ZFRO IF MASS MATPIX IS NOT FORMEL 
USES FCIRTRAIL' R E A D +  MRXTE. 
LOGICAL NL'tqEtER OF iJF ' fL ITY TAPE My WHICH ELEMENT 
S T I F F N E S S  HATRILES \ S A H F  AS GLCIRAL LOADS 7RANSFORHATION 
HATPIC-FS) AND IVEC,S A!?€ OUTWJT- 
NllTKX MAY eE LEPI? I F  STPFFMESZ M A T R I X  IS N8T FORMED- 
UCES FORTRAN PEh", b R I T E ,  
Lf l t ICAL NIIHBFF( 01: U T I L I T Y  TAPE CN WtiICH ELEMENT UNIV LOAD 
PUCKLING MATRICE!.  AM, I M C S  ARE I?UTPUTo 
NUTFtX H P V  BE ZERI '  YF PUCKLING MATRIX IS NOT FORMED, 
UCE' FClFTRAlY PEA! 9 WPITE, 

LDAD TRAMSFCRWT1ON Wt.TRICES '.%E) I V F C S  ARE CUTPUT, 
LPGICAL NUMPED C!f U T I L I T Y  TAPF CN WHICH ELEMENT LOCAL 

NUTLT M A Y  e E  ZERO I F  LORD T* ANSFORMATIONS ARE NOT FORMED, 
USES FC'RTRAN REAC 1 \!R?TE- 
L n G I C A L  NUMEER CF U T J L I T t '  T A P €  DN WRICH ELEMENT 
S T P F Z S  TRANSFCWHAFIQ'N HATPICES END PVECS ARE OUTPUT, 
NUTST MAY € F  ZERC XI' STRESC TRANSFORMATIONS ARE NCf FORnEDo 
U S E S  FI?RTF.AN RE &E 9 k'? 1TE- 
M A T F I X  HCRK SPACF- MIPJ S I Z ' F l l 2 ~ 1 2 ) ~  
K A T R I X  HCPK SPACE H I N  C I Z F  (139IC; 
M P T P I X  WCPK SPACE, M l f <  S I Z E ~ ~ ' ~ ~ 2 3 o  
ROW UIMtNCIClN C F  X t Z  I;Y CA: L!?& PROGRAM, 
RCW DIMENSXCN OF JPCF I N  C, L L I N G  PROGRAM- 
KCk [IIHENSICH O F  E U L  I N  IdLLIK;  PPCGPAMo 
ROW BIMENSICN OF W s  T ,  AND 5 I N  CALLING PROGRAM, #IN=120 

C NEPRCF EXPLPNPTICWJ 
C I = J C I N T  NUMEF-R GPFATER :EN IiIJREER OF JOINTS- 
C 2 = STIFFWFSS M A T Q I X  F W '  LD, NI!TKX OLE.  ZiPC'o 
C. 3 = LUAU T R A W F O R M A T I C ~ ~  M A T R I X  F f R M € n 9  NUTLT ,LE0 ZERO, 
C 4 = S T P € 5 S  TRbNZFCFMATYON MATRIX  FfWHEDp YUTS? -LE, ZERO, 
C 5 = M A S S  M A T R I X  FOkMFOp W T W X  a L C O  ZFROo 
C 6 = bUCKLIIVG M A T R I X  FORHED,  NIt -bX ,LE, ZERO. 
C 

1001 FORMAT ( 5 ( O b r 4 X ) r k I c A P  , i r A 2 ,  4 X  A 2 9 8 2 1  





rn 6HNOSfRS 
C A L L  MULTA ( S T T R  o N R S I  ~NRWSNRWIKWIK TR 

105 
I F  (NUTKX oLF, 0 )  CCI TO 999 



BAR - 71 7 
- -up-  



BUClB - 1/ 2 

C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 

SUSRQUTINF BUC16 I C3 ~EJTKODEB,NPHEPIZ~W,KT-S~KEJ,KZ,KW) 
DIMENSION C J ( K C J l 1 ) t  E J ( K E 3 l l ) q  KODEB(l)o Z(KZyl)* W(KWt1) 

- 

SUBPCWTXNE T(? CALCULATE F I N I T E  ELEMENT--- 
EUCKLINC, I r A f R I X  

FCR A CCHBINED AXIAL-TORSION-BENDIMG BAR ELEMENT WITH UNRESTRAINED 
6MtNDE.R I E C .  
BUCKLING MATRIX 1s BASER ON W I T  A X I A L  LOAD. 
BUCKLIYG MATRIX 15 I N  GLCBAL C-OORDPNATf DIRECTIONS. 
GLO@AL COORDINATE ORDER IS 

( U ~ V T W T P T U I R I  JCINT 1, THEN JOINT 2 
W E R E  L(9VeW ARE TRANSLATIONS AND PTQVR ARE ROTATIONS- 
EULFR CNGLF COP!'.'EMTICN IS GLUFAL )c,YtZ PERMUTATION- 
CALL? FORMA SUdROUTINES 6 l A l  9 B I A 2 9  BTABAt DCOSlB. ZZBOMB- 
DEVELOPED €!Y R L  WOHLENo AUGUST 19730 
LAST REVISIGN BY HA BENFIELD, MARCH 1916- 

SUSROUTINE AP.GUM€NTS 
C3 = INPUT MATRIX I3F GLDFAL X t Y - 2  CMlROINATES AT BAR JOINTS- 

R@WS 19293  CCPRESPONO TO X t Y t Z  COORDINATES0 
CPLS 1 9 2  C@PP€SPOND TO JOINTS 1920 C O L  3 CORRESPGNDS 
T@ PEFERFNCE PC?INT TC DEFINE LOCAL X Y  PLANE, S I Z E ( 3 t 3 1 ,  

E J  = INPUT MATRIX O F  EULER ANGLES (DEGREFS) AT BAR Z Y N T S o  
FCWS 1 9 2 9 3  CCRRESPCMD TO GLOPAL X t Y . 2  PERMUTATION- 
CQLC 192 CQRFESPONI! T O  JC'INTS 1-20 S f Z E 4 3 r 2 ) -  

KODEG = INPUT O P T I C "  CC'DF FCR LQCAC YT LOCAL 2 BUCKLING, ~ 

I F  PLANK- t3CfH ARE CALCULATE@, S I Z E ( 2 ) -  
KCDEBIl)=BY9 L C C A L  BUCKLING PlATRIX IS CALCULATED 

FPR LOCAL Y DXRECTION- 
KCDEE(2)=LZI LC'CAL EUCKLING M A T R I X  I S  CALCULATED 

FC'R LOCAL 2 DIRECTION, 
NAMEE = INPUT TYPE OF B3CKLING M A T R I X  WANTED, 

= P I T  A X I A L  RCD- 
~ 6 2 9  EFAMo 

Z = OUTPVT PUCKLII'JG M q ? K I X o  S I Z F ( 1 2 9 1 2 i -  
U = INPUT WC'RK CPPCE M A T R I X o  SIZE(12,IZ)o 
KCJ XNPCT ROW DIMENSIC'iY CF C J  I N  CALLING PROGRAM- 
K E J  = IfCPUI ROW DIMENSION CF E3  I N  CALLING P R O G R A M -  
K t  = !NPUT POW D I M E N S I O N  OF 2 I N  CALLING PROGRAM. H I N = l Z -  
KU = INPUT ROW DIMENSIQN OF W I N  CALLING PROGRAM. MIN=12* 

NERRCF. E XPLAPbTION 
1 = DIMFNt IC 'N  SIZE EXCEEPFD. 
2 = IMPkUPERLY D E F X N E O  NAREB- 

NERROR=1 



BUClE  -- 2 1  2 
-I-.-- 

NE RROR =2 

. 3@0 CALL D C O S l R  (C-Jr EJrHtKCJtKEJrKW) 
CALL P T A B A  ( Z t W t  12r12r KZrKW) 
RETURN 

C 
999 CALL ZZBLIMB (6H6UCLS rNERROR1 

END 



DCOSIA- -  I/ 2 
UI.___UII- 

C 
C 
C 
C 
C 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 

r 
L 

SUBROUTINF TU CALCULATF F I N I T E  ELEMENT o m  

D I R E C T I O N  C @ S I N E  M A T R I X  
FOR AN A X I A L  RClD ELEMENT. 
THE D I R E C T  I O N  C O S I N E  M A T R I X  R E L A T E S  L O C A L  COORDINATE D I S P L A C E R E N T S  

THE LOCAL CO;VOINATE SYSTEM ASSUMES THE POD TO L I E  ALONG THE X A X I S  

ROW ORO€R ( L C C A L  COOPDINATE ORDER) OF D I R E C T I O N  COSINE M A T R I X  IS 

TO G L O b A L  CCCRUINATE D I S P L A C E M E N T S -  

WITH J O I r J T  1 AT THE O R I G I F l t  J O I N T  2 ALONG THE POSITIVE X A X I S -  

DXlgDX2 
WHERE OX TS TRANSLATICN, 
COLUMN ORDER ( G L O R A L  CCQRDINATE ORDER) OF D I R E C r f O N  C O S I N E  MATRIX IS 

( I f , V t W )  JDINT 1 9  THEN J O I N T  2- 
WHERF U ~ V T W  ARE T R A N S L A T I O N S -  
EULER ANGLE CC’NVENTION I S  GLORAL X t Y t Z  P E R M U T A T I O N o  
C b L L S  FCRM k. SUBRRUTINE S EULE R 9 MULTR p Z ZBBHB 9 

DEVELOPED 6 Y  R L  WCHLEN- SEPTFHBEP 1972- 
L A S T  R E V I S I O N  BY W A  B E N F I E L D ,  MARCH 1976- 

SUGROUT IN F ARGUMENTS 
C J  = I N P U T  K A T R I X  C F  GLC’EAL ) i ,YtZ C O O P D I N A T E $  A T  ROD J O I N T S -  

ROWS 1,293 CCTlRFSPUND TC X t Y t Z  C O O R D I N A T E S -  
COLS 132 CORPFSPOM!? TP J O I N T S  1.2- S I Z E ( 3 t Z ) m  

E J  = 1NP:dT M A T R I X  O F  EULER ANGL€S (DEGRE€S) A T  ROO JOINTS, 
PCWS 1 9 2  9 3  CCRPESPOND TG GLCIPAL X v Y t Z  P E R M U 7 A T I O N o  
CCLS 192 CORRFSPONO T@ J O I N T S  1920 S I Z E ( 3 9 2 ) -  

Z = OIJTPUT D I R E C T l U t 4  C O S I N E  M A T R I X -  S I L E ( 2 0 6 ) o  
K G J  = I N P U T  PC’W Z?IMFNSIOh’ OF C J  IN C A L L I N G  PROGRAM, 
K E J  = xrwm ROW D I M E N S I O N  OF EJ IN CALLING PROGRAM- 
KZ = I N P l f T  ROW DIM€NSION OF 2 IN C A L L I N G  PRU6RP.Ho MfN=2. 

N z P R r P  EXFLANATICN 
1 = DIMENSION SI25 L E S S  THAN 2, 

MERf?.OR = 1 



DO 2 4  J = l r 3  

RETURN 
24 Z ( 2 r J + 3 )  = T(?.rJ)  

C 
999 CALL ZZbOM8 (6HDCOSlArNERROR) 

END 



C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SURROUTINE T O  CALCULATE F I N I T E  E L E M E N T - * -  
D I R E C T I O N  c a s I r J E  MATRIX 

FOP A COMF INFO AXIAL-TOP,SION+ENDING BAR E L E M E N T -  
THE D I R E C T I D N  CUSIhlF M A T R I X  R€LASFS L O C A L  COORDINATE D I S P L A C E M E N T S  

THE LOCAL CCIPRDINATE SYSTEM ASSUMES T H E  RAR TO L I E  I N  THE X-Y P L A N E  

RFFERENCE P O I N T  3 I T 0  DEFlNE THE L O C A L  X-Y P L A N E )  IS IN THE 

ROW O!?PfR ( L O C A L  COORDINATE CtRDFR) OF D I R E C T I O N  C O S I N E  R A T R I X  IS 

WHERE DX9OY9OZ ARE T R A N S L A T I O N S  AND T X 9 T Y p T Z  ARE ROTATIONS. 

T@ G L P R A L  C@ORDINATE D I S P L A C E M F N T S -  

WIW J C I N T  1 AT THE D k I G I N ~  J O I N T  2 ALONG 'THE P O S I T I V E  X A X I S ,  

POSITIVE Y D T P E C T T I I N -  

0x1  +DX2 7 f X l r T X 2 9  D Y 1 9 D Y 2  rT21  ~ T P ~ T  DZ I ~ D Z ~ T T Y ~ , ~ ~  

CCLUMN ORDER ( G L O B A L  CCORDINATE CRDER) CF D I R E C T I O N  C O S I N E  M A T R I X  IS 
( U I V T W V P T O V F )  J O I N T  1 9  T h E N  J O I N T  2 

WHERE U f V 9 W  PRE TRANSLATIONS AND P p Q v R  ARE R O T A T I O N S -  
EULER ANGLE CONVENTION IS GLORAL X T Y ~ Z  P E R M U T A T I O N -  
C A L L S  FORMA SUEROUTINES E U L E P ?  MULTB 9ZZBOMB m 
DEVELCPED t3Y RL WG'HL€Nm FFBRUARY 1973- 
L A S T  P E V I S I I ? N  B Y  M A  B E N F I E L D .  MARCH 1916- 

I U P R C U T  I N  F ARGUMEtlT S 
C J  = I N F L T  M A T R I X  @F GLL'EAL X V Y ~ Z  CCOROINA'TES A T  BAR J O I N T S -  

ROWS 1,293 CORRESPOND TO X v Y t b  COORDINATES-  
COLS 1 ~ 2  CORRESPOND TO J O I N T S  192-  C O L  3 CORRESPOPIDS 
TO REFERENCE P O I N T  TO DEFINE: L O C A L  XY P L A N E -  S I Z E ( 3 9 3 ) -  

P@WS 192 9 3  CCRPESPCND TO G L O B A L  X9Y.Z P E X M U T A T I O N -  
CCLS 1 9 2  CL'RRESPOND T O  J C I N T S  I T ? ,  S I Z E ( 3 , 2 ) *  

E J  = I K P U T  M A T R I X  C?F EULER ANGLES ( D E G R E E S )  A T  BAR J O I N T S .  

z = OUTPUT D I R E C T I O N  COSINE MATPTX-  S I Z E ( 1 2 9 1 2 )  
K C J  = 1i;PUT ROW DIMENSIC'N CF C J  I N  C A L L L N G  PROGRAM. 
K E J  = I N P U T  PCW D I M E N S I O N  OF F J  I Y  C A L L I N G  PRPGRAM- 
K2 = I N P U T  RCW O I M E N S I O N  OF Z I N  CALLING PROGRAM. MIN=12o 

N E R ??OR € X P LAN AT I ON 
I = OIMENSTCN CIZ€ LESS THAN 12 .  

NERR.Oh = Y 
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C 
f 
c -  
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r_ 
C 
i 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUEPOL'TINE TC! CALCULATE F I N I T E  ELEMENT--- 
D I R E C T I P F  CCIS IN'_- M A T R I X  

FDF A CCNPINFD K€HPEANF-E'ENDING T R I A N G L F  P L A T E  ELEMENT. 
THE IS IRFCTXCN C C S l N F  M A T R I X  R F L A T E S  L O C A L  COORDINATE DISPLACEMENTS 

T h E  L C C A L  C@CRDIMATE SYSTEN ASSUMES THE P L A T E  T O  L I E  I N  A N  X-Y PLANE 

X A X I S 7  bND J C I K T  3 IS I N  THE P O S I T I V E  Y D I R E C T I O N ,  
ROW CF(?FD ( L M A L  CCCPDINATE O P X P )  OF DIRECTION COSINE R A T R I X  IS 

TC GLCEAL COC'PDINATF DI 'PLACEMENTS- 

WIW J C I N T  1 A T  THE C R X G I N ,  J O I N T  2 L I E S  ALONG THE P O S I T I V E  

( P X , @ Y , T Z )  JC IkT  1 ,  THEN JOINT 2, 39 NEXT 
(DZ,TX,TY) J C I N T  1. TpFN J C X k T  29 3 

WHERE DXtTtV,DZ P.R€ T K A M S L A T I C N S  AND TX.TY*TZ APE POTATIONSm 
COLUMN V D E R  ( G L P E A L  CCUF?@INA'i€ ORDFRI OF I I I R E C T I O N  C O S I N E  MATRIX IS 

( U , V ~ W * P p C ~ F :  JCXN7 1. I I iFh l  JQIF!T :, 30 
WHERF ,U,V,W ARE T R k k Z L A T I O N S  C.kO P9C.F ARF R O T A T I O N S -  
EL,LES 1"'GLE C C N V E h T I C N  I S  GL@E!.kL % TY 9 2  PERMlJTATfONr 
C P L L S  FC'RFIE. SUF ROL'TINFS EULER,PUtTR 9ZZBCMB 
CEVFLPPED F v  WC F,ENf- IELC- F€F!?UAP.Y 1973- 
L A S T  2 E V ? 5 I F %  6Y W i  E E N F I E L D -  MARCH 1476. 

SUE R C U T I N E  4RGliMFNT5 
CJ = IXPUT M C T F I X  O F  l -LC*fAL X t Y p Z  CfX'DINATES A T  T R I A N G L E  JOINTS- 

PCWS 172 93 C W R E  SPC?h'D T@ X I  Y 9 7 .  CCORDINATES * 
COLC l r i ' t 3  CC!PPECPC'KD TO JUTPITS 1.293-  SIZE(3,3). c 

E J  = INPUT M A T R I X  C F  tULFF ANGLES (DEGRFTS)  AT J R I A N G L E  J O I N T S ,  
Rrwz I ,Z ,z CCRG SPPND Tc GLCPAL x .v. z PERMUTATION. 
CCLC; 192.3 CCQDESPC:ND TO J C I N T S  1 9 2 p 3 -  S I Z E ( 3 p 3 I - r  

z = OUTPUT D l K E C T I O N  C O S I N t  M A T R T X -  S Y Z t ( l t i r 1 8 )  e 
K C J  = I'VPL'T b [ I \ J  DIP'Eh~IC'fu ' -  C3 IN CXLLJNG PPCIGRAM- 
KEJ = INPI!T R C b  DiMfhSICW VF E J  IN C A L L I N G  PPOGRAM, 
KZ = IIVPL'T RCN P f M E N S i O N  OF 2 I N  C A L L I N G  PROGRAM. #IN=18* 

NERROR= 1 
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C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBPC'UTlhrF TI' C A L C U L k f E  F I N I T E  ELEMENT-,, 
DISECTICN C C S I N F  MATRZX 

FOP C RELTCNGULAF SHEAF. PANEL ELEHFYTI 
TFE C I R F C T I C F '  CC$INE M A T R I X  RE LATE5 LOCRL &Q[?PDINaTE UISPCACEMENTS 

Th'E LCC.LL CPOEDIMATE SYSTER ASSURE$ THE PANEL TO L I E  I N  A N  X-Y PLANE 

X A X I S ,  JC'INT 3 IS !hi THE c G S I T I V €  X+Y DlR€CTTC?Ni AN@ JOINT 4 LIES 

R@W f 5 O E S  (LCCAL C(?U3t?INATE @PT?FR) OF O f R E C f I O R  COSIhE M A T R I X  IS 

W W R F  OX,PY &E TRCNSLATICNS, 
CILUMN C R O E R  (C-LLFAL CC'QRDINATE O R D F R I  CF DIRECT'IQfU COSINE MATRIX 1s 

TI? GLreAL CCPFDINATE DISPLPCfMFNTZo 

UITP JCINT 1 AT THE X-Y ORIGIN, JCINT 2 LtFS ALCNG TME P O S I T I V E  

ALONG T H F  C n C I T I V E  Y A X I S -  

D x 1 t DX2 + 0 x? t D X t  9 Dy1 t DY2 9 D Y 3 i  DYL 

(U,VtW)  J C I N T  I t  THE% JCINT 2 ,  S t  4, 
W h € P E  U , V t W  P P E  TPANSLATIONS, 
EULEG ANGLF CFYVFNTICN IS GLCEAL Y r V q Z  PERMUTAlfON, 
CALLS FPRMb SUFRCUTIMES EUCEP~?4ULT~rZZBO#B- 
DEVFLPPE? F Y  RL WOHLEN, A P P I L  1974, 
LAST REVISICK' 6 Y  WA F€NFIFLGo MARCH 1976, 

SIJFIRC!LtT IN t ARGUMENTS 
C J  = INPUT M b i R I X  OF GLC'PkL X v Y v E  CfEXDXPIATFS AT PANEL JOXNTSo 

FCWS 1 ~ 2 ~ 3  CCNRESPCND TO X t V t Z  COORDINATES-- 
C C L S  1.2r3r4 CCRRESPOND TC JOINTS 1 ,2 ,3 *4o  SIZE(3,41- 

E J  = INPUT XATRXX O F  €ULER ANGL€S (DEGREES) AT PANEL JOINTS- 
FCWZ 1.2 t 3  CCFF€SPONI? TO GLOPAL X9Y.Z PERKUTATION, 
CCLS 1.2 9 3 9 4  CORRESPOND TI? JOINTS 1.293,40 S I Z E ( 3 i 4 ) o  

z = tL 'TPCT DIRECTION COSINE M A T R I X ,  S I Z E t P i l Z I o  
K C J  = I!VPL:T RClW GIHENSIL'N CF C J  I N  C A L L I N G  PROCRAHo 
K E J  =. I W V I  pcw DIPENSICIN EF € 2  IN CALLING PROGRAM, 
K Z  = lh'Pk.7 RCH G I M E N S I O N  OF 2 IN CALLING PROGRAM, MIN=So 

NFPQCF. F XFLANYATIPN 
1 = D I f l t N 5 X C . N  SIZE TGC 5M;'LL- 

N E R R U R = l  
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EULER 

C 
C 
C 
C 
2- 
-C 
I: 
C 
C 
C 
C 
C 

C 

C LCLtLhTF FULYR ANGLF RC’TATICW TRAhSFORHATION MATPIX, 
El.‘) E R  ANGLE CPNVENTIfW IS GLPEAL XvY,Z PERflUTATION. 
>El’ELOP€Q EY C‘ EODLEY- NARCPi 1973, 
- 

5 * 18RC‘UT IN F ARGUHER’TS 
t = INPUT VECTOR O F  JOINT EULER ANGLES (DECP.EES)o 

LCCATICNS 1 9 2 ~ 3  CCRRESPCND TC T H E  GLOBAL X I Y ~ Z  
PERMUTATION- SIZE(tB* 

R = OL’TFL‘T EULER POTATION TRANSFOPHATION MATPIX,  S I Z E f 3 t 3 ) -  
K i? = INPUT RUM OIMEMZION CF R IM CALLI?& PF.CGRA&m 

C 

C 
RETURN 
f PJcr 



C 
C 
L: 
C 
c 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
5 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
5 
C 
C 
C 
C 
C 

SUERQUTINF TC CPLCULATE (PN QPTICN) F I N I T E  ELEC1ENT.o 
A-: t P f  L f n  .MASS HAW !P (m FillTH). 
ASSFMELFO STIFFNFSS Y A T E I X  (ON FIUTK), 
FLFNENT LCCAL LCAD TRANSFORMATION M A T R I C F S t  IVECS (ON NUTCT), 
ELEMFNT GLCRAL LCAD TFAN5FEPMATTCN HAfRIC€S. IVECS ION NUTXX) , 
ELEMENT STRESS TRANSFORMPTION MATRICES, I E C S  (ON MITST), 
ELEPrFClrT U k I T  LCAD BUCKLING YATRICFS, IVFCS (@N WTB),  

I V E C  G I V t C  FLFNFNT DEF I N T R  GLCBAL DGFo EXAMPLESO-. 
I V F C ( 6 ) = P 3 &  PLACES FLFWFNT DCF 6 I N T O  CLOPAL DOF 834, 
IVEC(31=G @NITS ELEMFNT DCF 1 FROM GLCBAL DOF. THIS CONSTRAINS 

FL€#FNT @CF 3 TC ZERO FICTION* 
DATA aSRk&CFMFNT CIN Nl!THr NUTK F@R THE ASSEMBL€D MATRICES IS I N  
CPbRZE ( Y )  EOPMA SUEFC'UTINE F@RHAT-  
DATA AFRANGEKFNT t'N NUTLTW N U T K X ~  NUTST, NUIP FOP FACH FINIT€ 
ELEMENT (UPITTEN IN SL'PGCUTINE A X I A L ,  EAR, ETC) 15 

WRITE INUTW) NEMEW,N€L,N~,NC,NAW€L ( ISLANKtI=L,S)  9 

t ( X  4 I t  J) 9 I =l ,hQ 1 t J = l r  NC 1 9 t I V € C j  f t I=_1r NC 1 
NkkFW = NAV€LT,NAMEKX ,NAMEST, OR NAME@* 
N A P € L  = A ) I l A L ~ P R F ~ E T C o  

LACT SFCCRC, 4TC O f N C f E  TERMINATICIN) IS, 
W R I T E  (F 'L 'TW) I f L A N K t l  Il,I=l,30) 

TkE FPLLOWJNG U T I L I T Y  TAPES USE FASIC FORTRAN READ. WRITE. DO NOT 
USE Tb€ZF rAP€S I W  ZPAktSF ( Y )  FfRHA SUPSCUTINES W H I C H  USE FORMA 
SUERDUTIWES Y I N ,  YfWT (BFCAUSE T M Y  USE BUFFER IN9 BUFFER OUT), 

RUTL'J, NUTST, NUTPX. NUTKX, NUTFo 
Th:E F t L L D k I N G  U T I L I T Y  TAF'FS U S €  FCRMA YINs YOUTo 

NllTHr NtllTKt N l I T l r  NllT2, NUT30 
C A L L S  F f ' R M A  SU€RC'UTINES AXIAL ,PAR .FLUID ~GRAVTY,PAGEHDIQUAO 

RECTSP tTon'ct_ rYRVAP2 rZZbCM6o 
DEVELOPE9 F Y  W& F.ENCTELD 9 CS EOOLEY, P L  WOHLEN- JANUPRY 1973- 
LAST PEVIEICN P L  MCHLEIV. MAY 1976, 

~ * * * * l ~ ~ O + * * O * * * ~ * P * # * ~ * * ~ *  #**************#*~**~#****** :. +*e**##*** 

RECD F R P M  C A C D S o  
50 htkl<EL FORMAT ( A 6 1  

INPUT DATA rwr IN TEIS SUERC'UTINVE FROM NUTEL, IF NUTEL = 5 ,  DATA IS 

I F  (VAt!FL ,FC. briRETURK) RFTURN 
I F  (F iAMt 'L  ,EG. 6PAXIAL  1 CALL A X I A L  (SEF L U P R T  FCR INPUT) 
I F  (hrAMt.L .€Q. 6 H k A P  i CALL EAR CSF€ SUFRT FOR I!JPUT) 

I F  I r l r iPFL ,FQ. 6HGFAVTY) CALL GPAVTY ( S F E  SUFRT FC& INPUT) 
I F  (NANEL ,FO. 6HQUAD 1 CALL OUAD ( S € E  S W P T  fUR I N P U T )  

I F  (NAM'FL m F C . 0  6HFLUIC 1 C A L L  FLlJ ID (SEF SUBRT FCR INPUT)  

IF ( N A f 4 f L  S t C o  6hRECYSP) CALL R E ( N Z P  ( S F E  SUEET FOP INPUT)  
I F  I N P . M F L  o F O o  6HTktX;L 1 C A L L  TRNGL (SEE S'JBRT F@R INPUT) 
GO TI' S O  
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C N A M E L  = A X I A L ,  BAR, E T C  AS SHQWN ABOVE- GIVES S U B R O U T I N E  CALLED- 
C 
C E X P L A N A T I O N  OF I N P U T  F O P M A T s o  NUfiEER I N P I C A T E S  CARD CCLL'PINS USED- 
C A = Ably kEYPLfNCB SYM@C'Lo 
C X = C A t O  CCLVMS'S S K I P P E D ,  
c *****+*****:**~****lr*##~**#t+*#***#~***#****##********####**** 
C 
C S U B R M W T N F  AFGLV4ENTS ( A L L  INPUT 1 
c XYZ 
C 
C 
C 
C JDOF 
c 
C 
C 
c . __  
C EUL 
C 
C 
C 
C N U T E L  
C 
C 
C NJ 
C NUTM 
C 
C 
C 
C MUTK 
C 
C 
C 
C NUTLT 
C 
C 
C 
c N U T S T  
C 
C 
C 
C NUTB 
c. 
C 
t 
c v  
c L V  
c K V  
C KRX 
C KRJ 
C KRE 
C NUTMX 
C 
C 
C 

= M A T R I X  OF JOINT G L O E A L  X,Y,Z COCATIOMSo ROWS CORRESPOND 
T C  J C I N T  FICiMFFRS- C G L U H N I  1 + 2 ~ 3  CPRRESPOND T[? THE JOlNT 
X,Y,Z L O 6 6 T I O N S  R E S P E C T I V E L Y ,  S I Z € I N J ~ 3 ) r  
R L Y  FF F;LIIVALENCEC TC V ( 1 )  I N  C A L L I N G  PROGRAK- 

= Y A T R I Z  I?' J O I N T  G L @ E A L  DEGREES OF FQEEDPMo ROWS CORRESPOND 
TC JCINT NUHEEP.5- C O L U k N S  1,293 COR.RFSP2ND TO THE J O I N T  
T R A N Z L A T I O N  DOFE AND COLUKNZ 49516 CORRESPOM) TC THE J O I N T  

MAY BF E O U I V A L E N C t O  TO L V ( 1 )  YU C A L L I N G  PRCCRAM. 

TI? J O I N T  NUMBERS- COLWMNS 1,293 C W R E S P G N D  f O  THE 
c L ? F A L  X w Y 9 Z  P F R M U T A T l O N o  ZIZ€(NJ,3)- MAY BE 
E C U I V A L E N C E O  TO V t K P X * ( X Y Z  C O L  D I H ) + l )  IN C A L L I N G  PROGRAM- 

R O T A T I D K  DOFc- Z I Z E ( N J r 6 ) o  

= R A T k  I X  Ff- -JCINT EULER ANGLES (O€CHF€S 1 ROWS CCJRRESPQND 

= L C G I C A L  NUMBER CIF TAPE C C N T A T N f N G  F L F M E N T  INPUT D A T A  FC? 
T F X S  SU@PI?UTINE AND SUBRC'UTINES A X I A L ,  ETC G I V E N  EY NABEL. 
I F  N U T E L  = 5 9  DATA WILL RE READ FROM CARDS- 

= NUMRER O F  J C I I M S  OR ROWS I N  HATRTC-FS (XYZ),  (JDOF). ( E U L I o  
= L C C I C C L  NUHBFR OF U T I L I T Y  T A P E  CN Y H I C H  ASSEMBLED 

M A S S  M A T R I X  IS CUTPUT I N  SPPRSE N C T A T I C N o  
NUTM HAY 8 E  ZERO TF MASS M A T R I X  I S  N O T  FORMED. 
USES FORMA YIN, YOUTo 

= L O G I C A L  NURFER CF U T I L I T Y  TAPE U U  WHICH ASSEHELED 
STIFFNECS M A T R I X  I S  C U T P U T  I N  SPARSE N O T A T I O N -  
N U T K  MAY RE ZERO I f  STIFFNESS M A T R I X  IS NOT FORMED, 
UZFS FQRMA YIN,  YCcITo 

= LOGICAl .  NUMeEW OF U T I L I T Y  TAPE CYV W H I C H  ELEMENT L C  I 
LCAD TRANSFORPATIEN M A T R I C E S  AND I V E C S  ARE CUTPUTo 
NUTLT M A Y  Et-F ZERO I F  LOAD TRANSFORMATIONS ARE NOT FORMED, 
U C E S  FORTRAN READ, WRITE, 

= LC'GICAL NWMPEP OF U T I L I T Y  TAPE OPU WHICH ELEMENT 
STRFSS TRANSFCRNATICN M A T R I C E 5  AND I V E C S  ARF OL'TPUTe 
NUTZT M A Y  @ E  ZERO I F  CTPFSS TF&NSFORMATIUNS bR€ NOT FORREO. 
U S E S  FORTRAN PEAK), WRITFo 

= LClGICAL NUMEEK OF U T I L I T Y  T A P €  ON W H I C H  ELEMENT UNIT LOAD 
P L ' C K L I N C  MATP.ICES AFiI) I V E C S  APE @UTPUT, 
RUTB MAY PE ZERC I F  F U C K L I N G  MATRXCES ARE NCT FORMED- 
USES FOFTRAN P E b D ,  W R I T F -  

= VECTUP WOFK SYAC€.  
= VECTCh b'f'RK CPACE. 
= D I M E N Y I O h '  Y i Z t  CF V v L V  IN C A L L I N G  PROGRAM- 
= RC'W C I M E N S I C N  @F XYZ I N  C A L L I N G  PROGPAM, 
= FC'W DlMENZXON O F  JDRF I N  C A L L Y N G  PRPGRAMo 
= POW C.IMERSIfiN OF EUL I N  CALL ING PDL'GPAM. 
= L D G I C A L  NUMB€F. @F U T I L I T Y  T A P E  CW WHICH ELEMENT 

M A S 5  MA'IPICFS AND IVECS APE S T P R E ~ ,  
NIITMX M P Y  P F  ZERC I F  MbSS M A T R I X  15 NOT FORMED* 
U S E S  FORTRAN READ, WRITE. 
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C RUTKX = L C G I C A L  PL'HPER CF U T l L I T Y  TAP€ CN WHICH ELEMENT 

C H L T P I C E S )  AND IVECS AFF 5 T O R E D .  
C STIFFNFCl MATRICES (SAME AS GLOBAL LOAOS TRANSFORMATION 

C NUTKX M P Y  bF ZERC' IF CTIFFNESS M A T R I X  IS NOT FORMED. 
C USES FOP.TRAN RE AD T hW I T €  0 

C NUT1 = L f C I C A L  NUHEtER CF U T I L I T Y  l . * P E ,  U S € S  FOPgA YIN.  YOUT. 
C NUT2 = LnC-ICAL NUMhER CF U T I L I T Y  TAP€, USES FORMA Y I h .  YOUT- 
C NUT3 = LOGICAL NUMPER OF U T I L I f Y  TAPE., USES FORMA YfN. Y W f ,  
C 
C P!FRR@R FXPLAKLTION 
C 1 = NAMEL IMPRCPERLY D E F I N E D ,  
C 

1001 FClPMAT ( A b )  
2001 FOPMAT ( / / 4 1 X  35BJCIINT DATA USED I N  SLBPOUTTNE F I N E L )  
2002 FCRMAT (//35X 47HJU1NT @ATA UZED I N  SOBROUTINE FINEL (CONTINUEDII 
2003 FORMAT ( / 1 6 X  ,&t+DEGRE€S OF FPFEDCFl 

* l e x  2PtiGLCJBAL CAP.TESIAN CCORDINATES 
* 12X 22HFULEk ANGLES (DEGRFES) * / l o x  11HTAANSLkTICN 8 X  EHROTATIC!N * / SXCHJOINT 6XlH?r S X 1 H V  S X l H W  'X1HP 5 X l H Q  5 X l H R  * I !X l t+X  I I X I H Y  X 1 X 1 h Z  I 4 X I H X  l O X I H Y  I O X l H Z  /1  

200; FCRMAT ( 1 X  1 5 s  3 X  6 1 6 9  3 X  3F12-4t 4 X  3FIl -4)  
C 

I F  (FIUTMX oGTm 0 )  R E W I N G  NUTYX 
I F  (NUTKX ,GT. 0 )  R E W I N D  NUTKX 
I F  (NUT€ ,GT, C.1 REklF!@ MJTP 
ZF 4MUTLT *GT- GI PEWlND NUTLT 
IF (NUTST oCTo 0 )  RfiWIhlD NUTST 

C 
C DETFRHINE SIZE O F  FINAL MASS-STIFFNESS MATRIX FRCH THE HAXIHUM DEF 
C NUMPFP I N  JDC'F, 

NDOF = J D O F ( 1 , I )  
DC; 3 5  I=X.NJ 
Dc' 35 J = I r b  
SF ( J D P F ( I , J )  ,GT, NDCF 1 NDCF=JDOFt I tJ )  

35 CONTINU€ 
C 
C PRIN7 J @ l N T  OOFq XYZ COORDINATES, EULER ANGLES, 

CALL PAGEHD 
WRTTF ( N C T 9 2 0 0 1 )  
W R I T E  (N(?T,20@!3) 

D@ 40 I J = l , N J  
NLINF = 0 

NLINE = NLXNE+1 

CALL PAG€HP 
IF ( N L I N E  .LE. 4 2 )  GO TC! 40 

WRITE (NCT,ZCDZ) 
WPTTE (N@T9200?) 
NLINF = 1 

40 WkITE ( N O T t Z 0 0 4 )  I J I  ( J D C ' F ( 1 3 r J ) r  J = l t 6 ) ,  ( X Y Z ( I J t J ) s  J ~ l t 3 1 ,  * (EIJL ( I J v J ) ,  J=1 t3'I 
C 
C R F A D  F I N I T E  tLEMENT TYPE. 

5 0  FEAD ( N U T f L ~ 1 0 0 1 )  NAMEL 
I F  ( M A M E L  ,EQ. 6HFETURN) GC) T O  50C 



IF 
IF 
IF 
I F  
I F  
IF 
If- 

NERROR=l 
GO TO 999 

C @ A R  F I N I T €  ECFMENT ( A X I A L  ONLY), 
110 CALL A X I A L  I XYZ t JDCF t EUL tMl fTEI  tNJ t * NUTMX tNVTKX TNUTLTtNUTSTt 

* U,,W2*W3 t K E X t K R J t K R E t K H )  
GC TO 5 0  

C @AR FINITE ELEHEkT (CPWFINED AXIAL9 TORSIONv BENDINGI. 
140 CALL BAR ( X Y Z t  JOCF .EUL,NUTEL t N J t  * 

IC 
NUTHXt NVTKXt FiUTR tNUTLT tNUTST, 
W 1 9 H 29 !d3 TKRX 9KRJ TKRE 9KW) 

GO TD 5 C  
C TRIANGULAR PLLTE €LEPENT, 

150 CALL TRkGh (XYZtJDCFtEULtNUT€LtNJI-  * NUTMXt NUTKX NUTR tNUTLT tNUTZTt * W 1  tW2t'n'3 TKPX r K R J  9KREtKW) 
G@ TO 5 0  

C FLUID ELFVFNTo 
151 C A L L  FLU19 ( X Y Z t J D C F I E U L t N U T ~ L t N J I  * NlITMXrMUTKX NUT L T t NU TS T , * W 1  ~ W 2 t H 3  ,KRX ,KRJ tKREvK(.WI 

GO TO 5c 
C QUADRILATERPL PLATF FLEFfFNT, 

160 C A L L  QUAD ( X'r 2. JDCF tEUL tNUTFL tNJ t * NUTMXtNUTKXv NUTP ,?!UTLT tNUTSTt 
* W i W2 WS K R X  ,K R,I KRE ,K W 1 
GO TP 5 C  

C RECTANGULAF C h E A P  PAkEL. 
162 C A L L  hECTSF ( X Y Z T J D C F ~ F U L ~ N U T ~ L T ~ J T  * MUTMX rFiUTKX rNUILTtNUTET+ * WItW2t W3 t K R X g K F J  t K R E  tYH) 

EP TO 5 0  
C GRAVITY FLEFrifNTo 

171 C A L L  GRXVTY ( X Y Z t  JDOF tEt !L tNUTELtNJt  * NUTKX, * W 1  tW2tH3 r K R X  r K R J  t K R E  ,KW 1 
GO T O  50 

C 
C T € R M I N A l F  F I N I T F  ELFMEW1 DA7L (!N CTORAC-E D r S K S o  

500 I F  (NllTMX OGTe 0 )  W P I T E  (NVTMX)  I P L A N K q ( I l r I = l t W )  
I F  (NIITKX ,GT. C 1 WRITt (Nl lTKX) I B L A N K t ( I l t I = l t 3 0 )  
IF (NCITP .GTo 0 )  WPITF ( N V ? P )  I b L  ANK, ( I ?  I = I  30 ) 
I F  ( N l J T L T  oGTm ( . I  WRITE (NUTLT) IBLANK, ( I l ~ I = l p 3 0 1  
I F  (NUTST .CT. 0) W P I T E  (NUTST) IE'SLANKt ( f l t I = l t 3 0 )  

C 
C SUM F I N I T F  E L F M F K l  FtATFICESe 

I F  ( N U T M o G T o (  1 C&LL YZFRC' (hUTM,NDC'FvNCPF 1 
I F  (hUTKoG7eL')  CALL Y i E k O  (NUTKtNDCFtNDfF) 





F L U I D  -- I/ 6 
-------I- 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
e 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

SUBRCUTINF TC CALCULATE (DN ’OPTIONi  FTNITE ELEMENT 
M A S S  MATRICES AND A V E C S  (GIN NU’fMY J 
STIFFNESS HATRICES !SAME AS GLD5AL LOAD TRANSFORMATIQN MATRICES! 
AND I V E C S  (@N NUTFX), 
PRESLCURE Tr.CN?FORMATIGN M L T R I C E S  AND IVECS (@N NUTST) * 

FOR FLUID FLFKFNTS, 
ELFMENT SHAP€ Y A Y  LE TETRAHEDRON, PENTAHEDRON, OR HEXAHEDPONo 
MASS STIFFNFSS M A l R  XCES ARE 1 ? 4  GLOPAL CCORDI’NATE DIRECTIONS- 
GLCBAL CCGRDINATE C‘RDEG 15 

( V r V t W I  JOINT 1 ,  W E N  JCXNT 2t2,4,(5~697~8)- 
WHERE UpvqW CRF TCANSLATXC‘NS- 
I V E C  GIVFS ELFMEFjT DCF I N T D  GLOBAL DOFo E X A M P L E S o o o  

IV€C(6)=874 PLACES ELEMfiNT DOF t INTO GLOBAL DOF 8340 
I V E C ( 3 ) = G  C M I T S  CLEMENT CClF 3 FROM GLCWAL OUFo THIS  CONSTRAINS 

ELFN€NT DC‘F S T@ ZFRO MOTIONo 
PRESSLIEF TPAN‘FOKMATIDN MATR I C F S  RELATE CHANGE IhI PRESSURE (DUE TO 
C C M P R E S S Z P a I L I T Y )  T O  DEFLECTICNS I N  THE GLCIFiAL CU(?P@IWATE DIRECTIONSe 
P R E S S Y Y E  CtiANGl WITHIN THF FLUID €LFMEWT IS CONSTANTo STATIC  PRESSURE 
DUF TC G R A V I T Y  AND FLUID kEI;GPT IS NOT INCLUDED- 
DATA ARRANGEMENT ON NUTMX, NUTKX, NUTS? FOR EACh F I N I T E  ELEMENT IS 
( W = M t K v S r )  

W F I T E  (NUTWX) KAMEWvNEL pNP,NC (NAMFL I ( IPLNKr I = I  9 5 )  9 

( ( W (  I r J  I = I T N R  t J = l  TNC 9 ( I V E C  ( I , I  =LtNC) 
CALLC FnFrtA ‘UE‘RCIUTINES TEGFfM,VCROSS ,VDC?T 9ZZBOMBo 
DEVFLCIPFD E Y  C C 60GLEY. FCPRUARY 1’3740 
LAST P E V I S I C N  bY W A  bENF3ELD. MARCH 1916, 

D F F I N l T I n N  T’F INPUT V A F J A b L E S o  
NAMEM = 1 Y D E  PF M A S S  P A T K I X  WANTED.  

= M ~ T  LUMP€D MASS V A T P I X ,  



C = M 2 9  QUASI-IRRGTATlONAL CONSISTEFJT MASS M A T R I X ,  
C = M 3 9  IRRCTATIONAL MASS MATRIX, 
C = 6P UR 6HNOMASqt NC M A S S  MATRIX CALCULATED. 
C NANEK = TYPF C?F STIFFNESS MAT'IX WANTED. 
C = KIT LINEAR DISPLACEMENT ASSUMED- 
C = 6 H  D R  6HNOSTIFt NO STIFFNFSS MATRIX CALCULATED- 
C NAMFLT = I r ~ E h T I F l I ~ T I G N  NAMF. FCR !OAD TPANSFCRMAiION MATRICES, (NOT Y E T ) *  
C NAMEST = XCENTIFICATION NAME F@K W E S S U R E  TRANSFORMATION MATRICES, 
C 
C RO 
C BKM 
C NEL 
C 
C J1 
C 32 
C 5 3  
C 54 
C 
C 
C J5 
C 
c J6 
C 

C 
C 
C 
c 37 
C 58  
C 
C 
C 
C 
C 

r 
\r 

= 6l-I CR 6HNCSTRS9 NC3 PRIESSURE TRANSFORMATIONS CALCULAfED. 
: M A S S  DENSITY. 
= BULK MODIILUSe 
= F I N I T E  FLEMENT NUMFEF- FOR REFERENCF O N L Y 9  NOT USED I N  

CALCULATIDNZ, WRITTEN CN NUTKX, E T C s  
= J O I N T  NUMBER AT ELEMfiNT VERTEX 10 
= JC'INT NUMFER AT ELEM€NT VERTEX 20 
= JOIMT NUMBER AT ELEMENT VERTEX 3. 
= -J@INT NWPlBFF AT FLEMENT VERTEX 40 

FGR A TFTPAHEDRON, FACE 19293 MUST RE NUMBERED CLOCKWISE AS 
VIEWED FROM [!UTSIDE THE ELEMENT, 

= J C I N T  NUMGFR AT ELEMENT VERTEX 5, (USED FOR WNTAHEDRON AND 
HEXbHEDRCN 1 

= J O I N T  NUMEEK AT ELEMENT VERTEX 60 (USED FOR PENTAHEDZON AND 
H F X  AHEDPCN 1. 
FC'R A PENlAHEDROF!9 FACE 3 9 2 9 3  MUST EE N3MPERFD CLOCKWISE AS 
VI€WED FROM OUTSIDE fhE ELEMENT- FACE 4 , 5 9 6  I s '  NUMBERED I N  
THE S A M E  ORDER AS F A C E  1.293.  A L I N E  J O I N I N G  JOINTS 1 AND 4 
MUST FCRP AN EDG€ O F  THE PENTAHEDRON- 

= J O I N T  NUMB€R AT ELEMFNT VERTE: 70 (USED FOR FtEXAHEDRONIo 
= J O I N T  NUMREF AT ELEMENT VERTEX 8 .  (USED FOR HEXAhEDRONI- 

F C R  E HEXAHFDRQNt f A C . E  192.394 MUST Sf NUMBERED CLOCKWISE 
C S  V I E W E D  FKCM CUTSIDF ThE ELEMENT, FACE 5 ~ 6 9 7 9 8  I S  NUMBERED 
I N  ThE SAME EPDER A S  F k C t  1 9 2 9 3 9 4 .  A L I N E  J O I N I N G  JOINTS 1 
ANI3 5 MUST FOkM AN EGGE O F  THE HEXAHEDRON. 

C 
C 
C 
C 
C 
C 
C 
C 
c. 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 

EXPLANATIC'W OF INPUT FORMATS. NUMBER INDICATES CARD COLUMNS USED. 
I = INTFGCR DATA9 K I G b T  ADJUSTED. 
€ = DECIMAL FCINT DATA9 ANYWHERE IN FIELD. EXPONENT RIGHT ADJUSTED. 
X = CARD CCLUMNS SkIPPEISe 

SUBROUTINE ARGUMENT5 (ALL INPUT) 
X Y Z  = M C I T f I X  OF JOIF 'T  G L O E A L  X 9 Y 9 Z  LOCATlONS- FOWL CORRESPOND 

TC' J O I N T  YUMkFP C *  CDLCiMNS ? 9 2 ~ 3  CC'QPESPOND TL! THE JOINT 
X 9 Y - Z  LOCATICNS RESP€CTIVELYe S I Z E ~ Y J T ~ ) ,  

JDOF = M A T R T X  OF JCINT GLCbAL CEG.REFS CF FRFEDOMo RCWS CCRRESPOND 
TO J n I N T  NIIMEFR5o CflLUMNS 1 9 2  $3 CCIRRESPOND TO ThE JOINT 
TFAGSLATICN DOFC AND COLU14NS 4 9 5 ~ 6  CURRFSPOND TO THE JOINT 
Pl lTATICN DQFC 0 SIZE (NJ96) .  

EUL = M A T R I X  f3F JUINT EULEK ANGLES (DF-GFEES). ROWS CGRRESPOND 
TC JPINT NUWbFRS- COLUMN: 1 9 2 9 3  CPPRESPOND TO THE 
C, Ln  F A L X 9 Y 9 2 PE RMUTATl ON e 5 I 2  F ( NJ 9 3 1 

NUTEL = LOGICAL NUMPE-P VF TAP€ C(IKTAIM1NG ELFMENT INPUT DATA FOR 
1 H l r  ?UFROUT1NFe 1 F  NIITFI. = N I T 9  DATA Z S  READ F R O M  CARDS, 

N J  = R l ! M E F K  CIF JCzlNTS CIK ROWS I N  M A T R I C f S  ( X Y Z I t  ( J D O F j t  ( E U L l o  
NUTMX = LDGTCAL kIJMbEF PF V T I L I T Y  TAP(- PN WhICH ELEMENT 

M A S S  MATRICFC AkC, I V F C S  r \ R E  OUTPUT. 



c 
C 
C NUTKX = 
C 
c -  
C 
C 
C N U T L T  = 
C 
C NUTST = 
C 
C 
C 
c w  
C f  
c s  - 
C K X  
C K J  
c Ic.E - 
C KW - 
C 

- 
- - - 
- - 
- - - 
- 

FLUID -- 3 1  6 
-----HI.- - 

NUTMX MAY BE ZERO I F  MASS M A T R I X  IS NOT FORMED, 
U S E $  FORTRAN R E A C T  W R I T F -  
L @ G I C P L  NUMGER OF U T I L I T Y  T A P €  CN WHICH ELEMENT 
S T I F F N E S S  M A T R I C E S  ( S A M 6  A S  G L O E A L  LOADS TRANSFORMATION 
M A T R I C E S )  AND I V E C S  ARC OUTPIIT, 
NUTKX MAY BE ZERO I F  S T I F F N E S S  M A T R I X  IS NUT FORMED, 

LGGICAL. trUMBER ClF U T I L I T Y  TAP€ ON HHICH ELERENT LOAD 

L C G I C A L  NUMBER OF U ' I I L I T Y  T A P E  ON WHICH ELEMENT 

N U T Z T  M A Y  BE ZERO IF PRESSURE TRANSFORMATIONS ARE NOT~FORi-+fOo 

U S E S  FC!RT'?AP! RE AD ? WP I T E -  

TRANSFORMATION M A T R I C E S  AND I V E C S  ARE OUTPUT, ( N O T  YET) 

PRESSURE TRANSFCRMATlON M A T R I C E S  AND I V E C S  AR' OUTPUT-  

U S E S  FORTKbN R E A D ?  WRITE-  
M A T R I X  WORK SPACE-  M I N  SIi !E(24?24) .  
P R T F I X  WORK SPACE-  MTN S I Z E ( Z L T ~ ~ ) -  
M A T R I X  WORK SPACE, MIN SIZE(24,24E, 
R[?W I ? IMENSIQN OF XYZ IN CALLING PROGRAHa 
ROW C * I M E h S I C N  O F  JDOF IN C A L L I N G  PROGRAM- 
ROW DIr!ENSI@N OF E U L  I N  C A L L I N G  PROGRAM, 
w w  C ~ ~ M E N S L C W  OF u1 T, AND s IN CALLING PROGRAM+ ' M I N = ~ ~ .  

C NERROR E X P L A N A T I C N  
C 1 = INCClRRFCT TElQAHEFRON GEOMETRY. 
C 2 = I N P U T  
C 3 = NUTMX 
C 4 = NUTKX 
C 5 = NUTST 
C 

1001 FC!RPAT 
1002 FORMAT 
1003 FOPMAT 
2001 FORMAT 

* 21P 
2c02 FORMA1 * 33v 
2003 FORMAT * * 

J O I N T  NCIM!3El? EXCEEDS MAXINUFI ALLOWABLE NUYBER CF- JOINTS- - -  
hC3T P O S I T I V E -  
N @ l  PGYITUVE - 
NOT POSITIVE- 

* // 5X7HELCMENT 6 HJCI INT  , X W J @ T N T  2 b X 7 K J O I N T  3 6X ' IHJOINT 4 * 6r7PJO:NT 5; CA I I W J O I N T  6 6X7H;aINT 7 6 X 7 H J O I N T  8 
* ! 9X6HNUM6FF 1 

2004 FORMAT ( 3 X 1 9 ( 8 X 1 1 5 ) )  
3C01 FORMAT (51F * * * * * UNCCJNVENTIGNAL J O I N T  NUMEERING * * * * * 9 1 

4: 915) 
C 
C 

I F  ( i Y S T  st6;- 1 )  GO TCA 3 
1 1 S T  = 1 
DO 4 1 ~ 1 1 4  
11 = 3*1 - 2 
DCr 4 J = l ? 4  
J1 = 3*J - 2 

4 C A L L  U N I T Y  ~ ~ I S ? ( I Y ? J L ) T ~ ~ K D I S T )  
C 

3 N L I N F  = G 



NERROR=l 
I F  (J1 -LE.0  oANC, I F F k O o E Q . - l I  GO T.0 99’3 
I F  f J 1  o L E o  0 )  RETURN 
NLIRT = NLlNE + 1 

CALL PAGFHD 
WRlTE i N c T ~ z ( i G 2 )  

I F  (NLlME OLE, 4 2 )  GO TO 30 

WRITE ( N C T v 2 m 3  1 NAME MINAF!EKINAMELT,NAM E S T ,  
* RC‘, F K K  

NLIr4F = 0 
30 W R I T E  ( M 0 1 ~ 2 0 0 4 )  KELP J ~ ~ J ~ T J ~ ~ J ~ ~ J ~ T J O P  J?:?Jb 

NFRRCIR-2 
I F  (JloGToNJ o13FFe JZeGToNJ *OP-  J3oGToNJ ,ORo 3 4 0 G T o N J )  ZC! TO 999 
I F  (JSoGT-NJ oCRo J60GToNJ -OR, JToGTLNJ -OF- JSeGToNJ) GO TU 999 

C 
C FORM F I R I T E  ELEM€h‘T CQCRDINATE LUCATICJNSIEULER ANGLES, REVADD I V E C  
C 

c 
38 

3 
c -  

LP = 10 
NJk = 8 
T i  ( J 7  -NE- O !  b13 ’10 38 
LR = t. 
NJN = 6 

LR = 1 
NJM = 4 

I F  ( J 5  *NE. 0 )  .GO TO 3t? 



-CALL TESEOM (CdtJMt 1 9  LA 1 rVL(L)  t G V t  KC Jr IFEAD) 
I F  ( I F B A D - N E - 0 )  GC TO 51 
WRITE (NO ft300L 1 NEL? 31rJ2rJ3tJ4vJ5rJCt J f t J 8  
IFBAD = -1 

5 1  SH = RU*VL(L) /16*0 
I F  (NAMEM -EQ- OP'Y3 1 SM=QO+VL ( L  1/20 -0 

.-- I F  (LR mGT- 1)  SM = SM/2-  
. CALL R E V A M )  ( 1. , D V o  L p  IVTIFTpTp ? p 1 2 a  LFr W C L  9 1  sKW 1 
52 C I L L  REVADO !SMtCIST~IVTETt IVTETrWt 1 2 0 l ~ t ~ C O L t N C O L , K D I S T I K W )  

C 
_IF (NAMEM -NE- 6HM1 GO TO 220 

-DO 210 f=lrMCUL 
SAVE = 0 - c  
DO 215 J=lrNCOL 
SAVE = SAVE + H ( I t J )  

215 W(1.J) = 0.0 
210 W(lt1) = SAVE 

C 
220 IF (LR -EQ- 1) GO TO 60 

DO 55 I=2tLR 
V L ( 1 )  = VL(1)  i. V L ( I 1  
DO 55 3=1tNCOL 

45 T t l r J )  = r ( l t J )  + T ( 1 r J )  
VL(1) = VL(1 ) /2 -  



FLUID - 61 6 

5 0  

60 
61 

c 

bS 

90 

70 
c 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTIN€ T@ CALCULATE (ON OPTION) FINITE ELEUENT 0 - 0  

STIFFNF SS NATRICES I S M E  As GLOeAL LOAD TRANSFOWATION MATRICES) 
AND I V E C S  (CN W T K X ) t  

FOR GRAVITY ELEMENTS 
STIFFNESS MATRICES AR+ 9- G L 0 2 f -  300R49-1T 41R 090-58 
GLOBAL C@CRDINATE OROER IS 

(U.VtW) JOINT 1. THEN JOINT 2 . 3 . ( 4 ) 0  
WHERE UtVvW ARE TR4NSLATIONSo 
I V E C  GIVES ELFMENT DOF I N T O  GLC'RAL DCFo EXAMPLES-., 

I V € C ( 6 ) = 8 3 4  PLACFS ELEKENT DOF 6 I N T O  GLOBAL DEF 834- 
I V E C ( 3 ) = O  @ H I T S  ELEMENT DC'F 3 FROH GLOBAL DOF- THIS CONSfRAIhS 

ELFRENT DCF 3 T@ ZERO hCTIQNo 
DATA APRRNG€H€NT ON W T K X  FOR EACH FINITE ELEMENT I S  
(W=K 1 

WR I TE ( NUTWX NAR EW tN E L  pNR r NC *NAME L t 4 I 9  LNKt S = 1 *  5 )  
((WtI 9 3 )  tI=1tw ) tJ= l  rw ( I v E c ( 1  ).I=Itw) 

CALLS FC'RMA ! X * B R C U l l N E I  KGRAV tMULTA TWLTE tVCRGSS.ZZ8OMEr 
OEVELPPEO BV C S bC.OLEYo FEPRUARV 19?40 
LAST R E V I S I O N  P Y  WL. BENFIELDo HAECH S976- 

DFFINITI??N CF INPUT V k P I  ABLF So 
C NAMFH = 
C 
C NbMEK = 
C 
C 
C RQ 
C GV 
c NEL - 
C 
C J I  - 
C 52 - 
C J3 - 

- - 
- - 
- 

- 
- 
- 

TYPF CF MAS5 M A T R I X  WANTED, 
= 6F( PP 6 W O M A S S 9  NO MASS M A T R I X  CALCULATEDo 
TYPF DF 5 T I F F N E S S  M A T E I X  WAh'T€D. 
= klr LINEAk D I S P L A C € M E W  A S S U M E D o  
= 6 H  I 'P bhNC!STIFt NO STIFFNESS M A T R I X  CALCULATEDo 
MASS DENSITY,  
G A V I  TY VE C TOG 
F I N I T F  FCFP€NT NJL'MBFR. FOP REFERENCE PNLYt NOT USEG I N  
C C L C I I L L T I C N S o  WRITTFN ON NUTKXo 
JCYNT NUHFER AT FLEHEMT VERTEX 1. 
J C T N T  NUMFFP AT ELEMFNT VE-RTEX 2. 
JCXFIT NUMPEP AT kL€MENT VFRTEX 30 



GRAVTY-- 2/ 4 - 
t J4 = J C I N T  NURF€P AT fiLEWEKT VERTEX 4- (USED FOR Q?JADRILATERAL)a 
C THE €LEMENT MUST €!E NUHBEREI? C L O C K H I S €  A S  VIEWED FRUW THE FLUID S I D E  
C OF THE FLFMFNT, 
C 
C E X P L A N A T I G N  OF INPUT FC'RHATS- NUHbER I W I C A T F f  CARD CCLUHN5 USED- 
C f = INTFCEP DATA. F I C h T  ADJUSTED. 
C F = D E C I M A L  PCINT OAT&* ANYWHERE I N  F I E L D -  EXPmENT R I G H T  & D J U S T E D ~  
C X = CAR@ CCLUHNS S K I P P E D -  
c **#***#~~*#*~~*~*#**#**************##*#*~*##**##**~###*#* 
C 
C S U B P C U T I N €  ARCVM€NTZ ( A L L  INPUT)  
c XYZ = R / t f P I X  CF J O I N T  CLOPAL X.Y.2 LCCATIONS, ROWS CQRRESPONO 
C TU J O I N T  NWHFFRS, CC'LUHNS 112.3 CCRRESPCND TC THE J O I N T  
C X t Y  t Z  LClCATlONS R F S P E C T I V E L Y -  SIZE(NJ.3)  a 

C JOOF = Y A T R I X  ff J C I N T  GLOEAL DFGREES OF FPEEDCU, ROWS CORRESYCMI 
C T C  J C I M T  NUMBERS- CCLUPNS l r Z . 3  CGRRESPCNO TC THE JOINT 
C T S L N S L A T I C N  O O F t  AND COLUMNS 4.516 CORRESPOND TU THE J O I N T  
C RCTCTICN DQFS- S I Z E ( N J t 6 ) r  
C EUL = M A l F I X  CIF JC'INT EULER ANGL€S (DffFE€S)a ROUS CORRESPOND 
C TC JOlMT Nt!W?ERZ,  CCLUMNS 1.293 CORRESPOND TO THE 
C G L G E A L  X .Y . Z PE FHUTP.7 I CN S I Z € ( NJ t 5 1 a 
C N U T € L  = L C G I C X L  htUHFE' OF TAPE C C N T A I N I W  ELEMENT I N P U T  DATA FOP 
C T H I S  SUERCUTIFF, IF NUTFL = N I T .  @AT), IS READ FROM CARDS- 
C NJ = NUHfFP OF J O I N T S  (?s Scn-lS I N  H A T R I C E S  ( X Y Z ) r  (JCOF)+ (EULIo 
C NUTKX = L C G I C f . L  NUHEEF CF U T I L I T V  TAP€ CN WHICH ELEMENT 
C S T I F F N E S S  YPTGICCC (SFHE AS G L C B A L  LC?ADS TRANSFCRMATXGN 
C M A T R I C E S )  END 1VEC.S ARE CUTPUT, 
C NUTKX H C Y  PE ZERZI I F  S T I F F N E S S  M A T R I X  IS NOT F(?RMEDo 
C U C E I  FQRTRAN RFAUt W K I T F -  
c w  = PATFIX W'IFK SPACE,  PIN 5 1 2 E t 1 2 T 1 2 ) -  
C f  = I r C T F I X  WL~PK $PACE- MI?J 5 1 2 E ( 1 2 t 1 2 ) -  
c s  = METRIX W P R ~  YPACE, m d  SIZE~IZ,~:). 
C K X  = E f H  CIHFF'SICl lc OF XVZ Xfv CALLII? 'G PF-fGRAM, 
C K J  = PC:W DIMFIUCICht PF J9Of I N  C A L L I N G  PPOCFAH, 
C K E  = FCW r~IHtfCICP! C f  F U L  fN C A L L I N G  Po@C-RAH, 
C KW = PCW DIWENSIC'N C F  U t  T t  AND S IN C A L L I N G  PROGRAM, HIN=IZ- 
C 
C N f R D C ' O  E X P L A h E T I C N  
C 1 = INPUT JOINT NUMGIS EXCEEDS MAXIMUM ALLCWARLE NUMBER EF JOINTS, 
C 2 = NUTKX NOT P C C I T I V E ,  
C 

1001 FCkMAT ( C ( A 6 * 4 X ) )  
1003 E t P Y b T  ( 3 ( 5 X t E 1 0 . ~ ) )  
1003 FC'RMAT (=IS) 
2001 FCRMAT ( / / i Z X  LSHINPUT D P T A  FCR G R A V I T Y  S T I F F N E S S  ( T R I A N G L E  CR 

20Q2 i l i 7 M L . T  ( / /2@X c 5 h I N P U T  C A T k  FOR G R A V I T V  S T I F F N E S S  ( T R f A N C L E  OR 
* ? 4 P  Q U A L T I L A T F P A L )  F L W F N T S )  

* 16t- QUADR I L A T F P  AL ! € LEKFNTS f CONTINUED 1 ) 
ZGGS FCRMAT ( / 1 2 Y 7 H Y d 5 S  = A 6 r 1 3 X ? H S T 1 F  = C 6 9 6 X  

* / 1 4 X * ' + b G O  = E l G - 3 t  1SXSHGVX = € I C 1 3 9  13X5HGVY = €10-3, 
* I 3 X 5 P G V Z  = E10.3t 
* / / l S X 7 H F L F M E N T  1 3 X 7 H J O I N T  1 1 3 X W J O I N T  2 1 3 X 7 H J O I N T  3 
* 1 3 X W J C ' I N T  4 
* / 1 5 X 6 h h l J M P F  ) 

2004  FORMAT ( l b X t Q ( 3 5 t l S X )  1 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c, 

C 
C 

SUERObTIVF TD CPLCULATE F I N I T E  ELEMENT-- 0 

S T I F F N E I Z  MATFIX.  
$TRESS TRANCf O R M A T I W  M A T P I X I  

FDR bhl A X l A L  POD FLEHENT WIT): UNRESTRAINED EMINDARIES, 

CONSTANT FCRC€ 6CSUHED- 

STRES9 TRANSFCRMATION MATRKX RELATFS ST2cSS AT ROD ENDS I N  LOCAL 
CUCRDIFIATE SY5TEN TC DFFLFCTIUNS I N  LPCAL CCORDINATE SYSTEN, 
ROW CRD€R IN STRECS TRANSFORMATION MATRIX IS 

ROD MAY PE L INEARLY TAPERED @R UNIFBRMm 

ST1FFNE.S: H A T P I X  IS I N  L O C A L  CWRDINATF SYSTFH- 

SICHA-XI .  CIGNA-X2 
WHESE SIGKP 1: NChHAL T T a E I S o  
S X I ( - ) .  SX2( '+ )  IS TFNSICfNo S X l ( + ) r  S X Z ( - )  IS COMPRESSION- 
ThE LC'CAL CVCRDINATE SYST€M ASSUMES W E  ROD TO L I E  ALONG THE X A X I S  

LOCAL CCURDINATE ORDER IS 
WITH JOINT 1 AT THE C'GIGXNr J O I N T  2 ALONG THE P O S I T I V E  X A X I S 0  

D X l r D X Z  
WHEFF 0% IS TcANSLP.1ION- 
D€VELC'PED E Y  FL NEHLFF!, S€PTFPIP€R 19720 
L A S T  R E V I S I C N  6Y P.L H O h L E N -  SEPTEMEER 19730 

SUPROL'T IN€' AP GUMFNTS 
A 1  = INPUT C R E S S - S F C T i f 3  A R E A  AT R@D E M )  1 -  
A2 = IlvPUT CPOSS-StCTICYJ ASEA AT ROO €NO 2 -  
R L  = INPUT POD LENC-THO 
E = INPUT Y@UNGS M9DULUS CF ELASTICITY,  
2 = CUTPUT CTIFFNFSS MATRIX-  S I Z E ( 2 r Z ) o  
TS = @UTPUT :T%FSS TRANSFC'RNATICIN M A T R I X ,  S I Z E ( 2 . 2 ) -  
K Z  = INPUT BPW DIMENSICf'l OF 2 IN C A L L I N G  PROGRAW- H I N = 2 -  
KTS = I N P U T  COW DIM€NSIC!N OF TS IN C A L L I N G  PROGRAM0 MIN=Zr 

C 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBRCUTIh '€  T O  C A L C I ' L A T F  F I N I T E  ELEMENT 0 0  

S T I F F N E S S  M A T F I X V  
STRESS f P ; ~ ' S F @ ~ ~ ' b T l O F I  M A T R I X ,  

FC'R A BENDINC (FLIJS SHEAR) PEAM ELEMENT WITH U N R E S T R A I N E D  BOUNDARIES- 
BEAM MAY B E  L I N F A R L Y  TbPERED CR UNIFORM, 
U N I F O P M  SHEAR AND L I N E A R  P E N D I N G  MOMENT V A R I A T I O N  I S  A S S U M t D o  
SHEAR S T I F F N E S S  USE5 S F * A l * G  AND SF*A2W0 I F  ANY OF THESE V A R I A B L E S  

S T I F F N E S S  M A T R I X  IS I N  LCCEL COORDINATE SYSTEN- 
STRESS TRANSFCRKATICN M A T R I X  R E L A T E S  STQESS A T  B E A M  ENDS I N  L O C A L  

ROW O R W R  IN :TREYS T R b N Z F O R M f i T I O N  MATRIX IS 

ARE ZERO. ThEt'E I S  NC SHEAR D E F @ R M A T I C N  IN B E N D I N G -  

CWDQDINATE SVST€M TC! DEFLECTIONS I N  L O C A L  COORDINATE SYSTEM, 

TAU-X I 9 TAU-XZ 9 C I GMA-X 1 9 S I G ' S - X 2  
WHERE ZIGMC. IS NORMAL STRESS ( H C / I )  AND T A U  IS EHFAR STRESS ( P / A ) -  
THE LCCAL C C O Q D I N A T E  SYSTER ASSUMES THF P€bM TO L I E  I N  THE X - 2  PLANE 

LOCAL C@CpDINATf  CRDER IS 
W I T H  J C I N T  1 AT THE O R I G I N ,  J G l k T  2 AL@NG THE P r J S l T I V E  X A X I S -  

DZl ,DZ2  VTYl .TY2  
WHERE DZ T5 TRANSLATIPN AND iY IS R G T A T I O N o  
DEVELCPFD FY R L  UCHLENo FERRUARY 1973, 
LAST REVISION 6 Y  RL WCHLEN- A P R I L  1976- 

SURRCIIJTIN E P.RGlIKENTS 
811 = INPUT CRCSS-SECTICN AREA HCMENT OF I N E R T I A  A T  BEAM END 1, 
612 = I N P U T  SAME A S  B I 1  AT E E A H  END 1 ,  
C 1  = INPUT G I S T A K C F  FRCn E'ENLtING NEUTRAL A X I S  TO CUTER F I E E R  

C 2  = IP!PUT SAME A $  C 1  AT EEAM END 2, 
AT R E A M  EFJO 10 

A 1  = I N P U T  CREES-SECTICN k k E A  ET EEAH END 1- C A N  6 F  ZERO FOR NO 
ShELF GEFtlRMATIEN I N  PENDING, SHEAR STRESS I N  S T R E S S  
T S A N S F C R M A T I D N  WILL PF S E T  TC ZERO, 

A 2  = I N P U T  SAPIF & Z  A 1  AT E E A M  END 20 
SF = IIVPUT 'HAPT FACTOR (K) FGR S W A P  IN KAG, 

I ISE  S F = O o O  FOR NC) S k E A R  DEFORMATION I N  B E N D I N G -  
Sf '=I -C FCK b SOLID CIRCULAR CYLINDER,  
'F1.5 FCR A T H I N  WALLED CIRCULAR CYLINDER,  

P L  = I N P U T  FcClD LFNGTh, 
€ = INPUT VCUNGS MODULUS ('F E L A I T T C I T Y .  
G = I N P U T  5bFb.R MClDIJLUS OF F L P S T X C I T Y o  CAN EF Z E R @  FOR NC SHEAR 

D F F C ' ~ t 4 A T I O N  I N  f€NDINGo 
2 = CIJTPIIT ZTTFFNFSS M A T R I X .  S I Z f  (494) 0 

T S  = DIITPUT .'fPE,CS TRbNSFCIkMATION M A T P I X .  S I Z E U + , 4 )  . 
KJS = INPL'T PL'W DIMENSION O F  TS I N  C A L L I N G  PRCCRAM, MIN=4, 
K Z  = I N P U T  RGW GIMFNSIDN GF 2 I N  C A L L I N G  P R O G R A F o  HIN=Lo 

EENDING F L F X T h I L I T Y .  
P P I  = F I ? / F T l  
F . E I M I  = P F I - I .  
I F  ( A P S ( P ' : I M I )  001 )  GO T C  15 
F P K  = F ' I b T l * P '  I M l  
R b I L N  = A L f ' G ( Q P 1  1 





KlCl -- I/ 2 

C 
C 
c 
c 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 

SUEROUTINE K l C l  ( T J  1 r T J 2 r R l r R 2 , R L  rG.2 t T S t K Z t K T S  1 
DIMEFISICN Z(KZ*l)t T S ( K T S t 1 )  

SLIBROUTINE T@ CALCULAT€ F I N I T E  ELEMENT... 
STIFFNESS MATqIX, 
S TRE Sf TR ANSFCKW ATICN MPTRI X 9 

FOP A TORSIC'N ROD ELEMENT WITH UNRESTRAINED BOUNDAKI€Se 
ROD MAY B E  LINEAPLY TAPEFED OR UNIFCRM- 
CPNSTANT TPP GI!€ A6SUMFD. 

STRESS TRANSFURMATION MATPIX PELITES STRESS AT ROC ENDS I f f  L O C A L  

R@W ORDER I N  STRESS TRANSff2RfiATION f lATRIX  I S  

STIFFNESS MATRIX IS I N  L E A L  C@OR@INATE SYSTEM- 

COORDINATE S Y C T F M  TT: RPTATIOMS I N  LCCPL COPRDINATE SYSTEM- 

TAU-X1 TTAU-XZ 
WHERE TAU IS SHEAR 2TRESSo 
STRESS I S  + CR - A 5  RIGHT HAND A X I S  BETWEEN END FL INTS 1 AND 2. 
THE L@CAL CC?Ck@INATE SYSTEM ASSUMES THE RCD T13 L I E  ALONG THE X A X I S  

LOCAL CCCIRDINATE CRDFR I S  

WHERE T X  IS ROTATION, 

WITH JCINT 1 AT THE C R I G I N t  J O I N T  2 ALONG THE POSITIVE X A X I S -  

TX l tTXL?  

DEVELOOED BY E L  WCPLFN, FEERUARV 1973- 
LAST R E V I I I C ? N  FY P L  WOHLEN- SEPTEMBES 1973- 

5UBRCWTTNE ARGUMENTS 
TJ1 = INPUT CROSS-SECTICN SAINT VENANTS 'IPRSION CONSTANT ( J )  I N  J G  

AT QUD END 1, EIGOt i J l= .5 *Pf *R1*+4  FDR A S O L I D  CIRCULAR 
CYLINDER. TJl=Z,*PI*TW1**3 FCR A T H I N  WALLED CISCULAR 
CYLINDER, 

TJ2 = INPUT CROSS-ZFCTICN SAINT 'JENANTS T O P S I O N  CONSTANT (J )  I N  J G  
AT POD END 2, 

R 1  = INPUT DXITANCF FKOP TCRSIC'N A X I S  TI? CUTER FIBER AT ROD END 1- 
R2 = INPUT O J S T A N C E  FSCC TCRSICN A X I S  TC' CUTER FIBER AT ROD END 2. 
RL = TYPUT RPD LENC'iHo 
G = INPUT CHFAR MODULV5 O f  ELASTICITY, 
2 = CUTFUT STIFFNESS MATRIX- S I Z E ( 2 9 2 ) .  
TS = CItJTPUT STRESS TRANSFCRMATICN MATRIX. S I Z E ( Z r 2 )  
KZ = INPL'T R@W DIYUIENSION C F  Z I N  CALLING PROGRAM- MIN=2- 
KTS = IP!?UT RCW D I M E N S I C N  C F  TS IN CALLING PRCGRAM- MXN=2r 

C 
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RETURN 
END 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

L- c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTIPE TG CALCULATE F I N I T E  ELEMENT-, 
STIFFIUEFS MATPIX I  
S TR E t 5  TRANSFCRMA? ION MATF 1 X, 

FOR A MEMBRANE TRIANGLF PLAT€ ELEMENT WIT I UNRESTRAINED GOUNDARIES - 
QUADRATIC DISPLACEMENT (L INEAP STRAIN) F I E L D  I S  US€D, 

STRESS TRAMLFPRMRTION M A T R I X  RELATES STRESS Af TRIANGLE VERTICES 

ROIJ ORDER I N  STRESS T9ANSFORMATIUN MATRIX I C  

WHERE 5IGMA I S  NCJRMAL STRESS AND TAU I S  SHFAR STRESS, 
THE LCCAL CC'ORDIMATE SYSTEM ASSUMFS THF PLATE T@ L I E  I N  AN X-Y PLANE 
WITH J Q I N T  1 AT THE X-Y PRIGIN, JOINT 2 L I E S  ALONG THE P O S I T I V E  
X A X I S ?  AND J C I N T  3 I S  I N  THE P O S I T I V E  Y D IRECTIEN-  

STIFFNFSS PPTRIX IS I &  LC'CAL CCORDINATE SYSTFMm 

I N  LOCAL COOKDINATE CYcT€M T r  CIEFLECTIQNS I N  THE LOCAL SYSTEM- 

( S I G M A - X T S T G M A - V I T A U - X Y )  JOINT 1. THEN J E I N T  SI 3- 

L O C A L  COORDINATE CRDtR I S  
(DXTDYITZ) JOINT 1 9  THEK J @ I N T  2, 3- 

WHERF DXIDY ARF TRANSLATICh, AND TZ IS RCTATION- 
CALLS FOFMA SWPPCUTINFZ FTAFA AND MULTA. 
DEVELCPFP E Y  CC EOGLEY, WA FENFIELD. MARCH 19730 
LAST R E V I S I C N  E Y  CS BCDLEY. SEPTEMBER 1973- 

SUBRCIJT I N F  ARGUMFRTS 
X Z  = INPUT LOGAL X CC'CRCINATE LOCATION CF J C I N T  2. 
x3 = INPUT LOCAL X COPSDINATE LOCATION OF JC'INT 3- 
Y 3  = INPUT L O C A L  Y COCRDINATE LOCATIC'N OF JOINT 3, 
TH = INPUT PLATE THICKNESS. 
E = XhkL 'T  YC't'rJGS MODULUS OF ELASTICITY,  
A NU = INCUT P c I c s m s  RATIC. ( ~ 2 ~ 1 - 1 -  
z OUTPUT 5TZFFNtSS MATFIX. S I Z E ( 9 r ? ) -  
T = PUTPUT CTRECS TKANSFORMATIC'N MATRIX. SIZE(9,9).  
R = INPUT M A T P I X  WORK SPECIE-  S I Z F ( 8 . 9 ) -  
KZ = INPUT ROW LIMFNSICN DF L I N  CALL'ING PRCGRAM, MIN=9, 
KT = TNP1'T ROW DIMENUSIDN OF T IN CALLING PPOGRAH, M I N = 9 -  
KR = INP lJT  FOW C'lMENSIPN :'F R IN CALLING PFQGRAM- MIN=b-  

C 
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C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

- 
L 

C 



K 2 e l  -- 2 1  5 
-.-I- 

C 



C 
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K 3 C 1  - I/ 2 

F C  

c. 
C 
C 
c 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

S U E R N f T I N F  TC' CALCULRTt F I N I T E  t i E H € h ' T o o -  
ST I F  FN € 5 S 
STFECC TRCNSFCPMATICW M A T P I X ,  

MAT5 I X 9 

FCR A EECTANCIIILAL ShEAR PANEL EI.€#ENT WITh  UNRESTPRINED GCUNDARIES o 
LINE AD C I S P L A C E Y E N T  (CCNSTANT STRAIN) FIFLG I S  USED- 
STIFFNFSS M A T R I X  IS I N  LCCPL CCCRDINATE SYSTEM. 
STRFSS TPAWSFFRMPTXON HAT9 I X  RFLATFS PANEL S W A P  STRESS (CCNSTANT) 

THF Li!CfL C 1 3 0 F D I N A 7 F  SYST€P, PZSUMFS THF PLNEL TO L I E  IN AN X-Y PLANE 
IN L@CAL C E O C F I G A T F  SYSTEM Tt2 CEFLECTIONS IN THE LmAL SYSTEH, 

UI?H J r l Y T  1 AT TFE )r-Y C F I G I N ~  JCINT 2 L I E S  ALC'NC THE P O S I T I V E  
X A X I S 9  3 C I N T  3 I C ,  IN THE PCiSITXVE X.Y DIPECTlON.  ANI! J O I N T  4 L I E S  
PLC'NG TPF F C S I T f V t  Y A X I S -  
L@CAL COOROINATE W D E R  I S  

D X 1 9 c X 2  , I! X? OW6.  DY 1, r:Y 2 9 t*Y 3 9 CYL 
) Irh iRF OXIDY CRE TRANSLATICWS- 
OEVELCFED F.Y 0L WEHLENo APRIL 1974, 



K 3 C 1  - 2 1  2 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SURROUTI~IF T O  D C R I V F  S T I F F N E S S  M A T R I X  FOP. A T R I A N G U L A R  G R A V I T Y  ELEMENTO 
CALLS FCRMA Sllt?R@UTINES W L T A  rMULTt3 VCROSS- 
DEVELC'PFP F Y  C C ECDLEY. =EbRUAGY 1974- 
CAST R E V I c I C ' N  C Y  C C BCOLEY-  NOVEH@ER 1974- 

5UEFCWTINE ARClWtNT5 
C J  = IHPCT M A l P I X  CF J C I N T  COORDINATFS- S I Z F  ( 3 r 4 ) -  
3H = INCUT VFCTCR CF JCINTC D E F I N I N G  A TRIANGLE-  S I Z E  (3)- 
E V  = JYDUT VCCTCR NORMALIZ€D GRAVITY- S I Z E  = 3- 
A = CIUTPUT A R E A -  
w = CUTPUT S T X F F N € $ S  M A T P I X ,  
KW = INPUT PCW DIMFNSIDN S I Z E  OF W I N  CALLING PRCSRAM- MIN=9*  
KCJ = INPUT RCk D I H W 5 1 C N  C F  C J  IY CALLING PROGRAk- H I N = 3 o  

C 

C 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBRCUTTNE T C  C R L C U L A T t  F I N I T E  ELEMENT-, 
LUMPFD R b C S  M A T R I X  

FOP. AN A X I A L  C l T I  ELEMENT MIIT:! UNPESTPAIN€D eCIUNDARIES. 
ROD M A Y  5 F  L I N F A C C V  TAPEREC! C'F l.!NIFORMm 
M A S S  M A T R I X  IS I N  LC'CAL CCORDINATE 5YSTFMo 
THE LOCAL CDPRCIXNATF S Y S T F M  ASSlIMES THE ROD TO L I E  ALONG THE X A X I S  

LOCAL C P O P D I N A T E  CKDES IS 

WhERE FX I5 TRRNSLATXCA. 

WITH JFINT 1 AT TPF C R I C I N v  JOINT 2 ALCNG TH€ P O S I T I V E  X A X I S .  

D X l r D X ?  

OEVELCP€D f Y  hL WChLENo JANUAKY 1973 0 

LAST R E V I S I C M  EY PL WOhLEN- S€PTEMFER 1973- 

SUER CUT IF! f ARGUMFNTS 
A I  = l N P t f T  CFC??-SFCTIC?N & R € A  AT POD END 1 .  
k 2  = I Y P V T  C F O 5 $ - ! F C T I f N  A R E A  AT ROD END 2, 
R L  = INFUT RCG LFNGTH. 
RC? = INPL'T M A S S  E E N S I T Y .  
Z = TUTPl!T P A S S  M L T R L X ,  5 3 2 € ( 2 , 2 1 .  
KZ INPUT FDW DIlcrFkSICN C'F 2 IN C A L L I N G  FKOGSAM- M I N = 2 o  

C 
R F TUKN 
END 



C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

S l I E R C U T I N F  TC CALCl iLkTF F I N I T E  ELEMENT- ,  
CChlCISTFN'T M A S S  PiATF.1 X 

FOR b N  A X I k L  F C D  FLFMENT W I T E  UNRESTRAINED ECUNDARIES,  
ROD MCY P E  L I N € A R L Y  TAPEFED CP I!h!IFGRM. 
L I N F A Q  P I S  PL L C E P E h l  FUNCTIC!N AZSUMEO 

THE LCCRL C V M P I N A T F  5Y ITFf . i  AZEUMES TPE GCn TO L I E  ALONG THE X A X I S  

LOCAL C C - C R Y I N A T E  CROEP I S  

WHFRE DX 1 5  TEAPJZLATlL?N, 

LAST R E V I S I O N  F Y  F L  WOl-iLEIJ, CEPTEE?e.EF 1973, 

M A S S  M R T P I X  1: I N  LCCAL COCREIF IE .T€  S Y S T E V -  

W I T H  J C f V T  1 PT 7k:E CEXC-IFil  J C I N T  2 ALC'NG THE P C S I T I V E  X A X I S .  

O X 1 . 2 X 2  

DEVELDPFO t Y  RL WChLFNo S F P T t M P E R  1 9 7 2 -  

C 
R E TUP N 
E N D  



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTIh'E TC' CPLLULATE F I N I T E  ELEMENT,,, 
LUMPED MASS MATRIX 

F@R A EENDING P€&M E-LEMENT WIT?-' UNRESTPAINED BOUIUDARIES, 
REAM HAY F F  LTNFARLY T&PERE@ CP UNIFORM, 

THE LOCAL CCOPGlKATt SYSTEM A5SUMES THE PEAM TO L I E  I N  THE >-2 PLANE 
MASS MATRIX IC TN LCCAL COPREINAT€ SYSTFPII. 

WITH JOINT 1 A7 Th€ P R I G I N ,  J O I N T  2 ALONG THE P O S I T I V E  X A X I S ,  
LOCAL COWI?IR:kTE Rf?D€R I S  

D 7 1 r D 2 2 r T Y l r T Y 2  
WHEFE DZ IS TPPNZLATICW AND TY IS P O T A T I C N o  
DEVELCPFC P Y  RL WCWLEM, FEFRUACY 1973 ,  
LAST REVISION BY RL WChL'N. SEPTEMBER 19?50 

S U R G W T I F t F  ARGUMENTS 
AI = INPL'T CRC'SS-SFCTIGN A R F A  A T  EEAM END 1- 
A 2  = INPUT CFO'S-'FCTICh AREA A T  EEAM END 2, 
RL = INDt1T FFAY LENGTH, 
RC = INPCIT MASS DENSITY, 
Z = CUTPUT MGSS YATPIX- SXZE(494)- 
KZ = INPUT RCW C I M E N S I @ N  CF 2 IN CALLING PROGRAM, MIN=4,  

C 
RETURN 
€ ND 



C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 

S U B R R J T I N E  TC CALCULATE F I N l T E  ELEMENTIII 
CON5ISTFNT MAS5 M A T P I X  

FOR A P E V D I N G  EEAM ELfMFIUT W I T h  UNRESTRAINED PC!UNDARIESo 
BEAM MAY EE L I N E A P L Y  T&P€RED CP UNIFORM- 
C U R I C  D I S P L A C t M E N T  Flfh'CT IOM LSSUMF3. 

THE LOCAL CC!OPDI~JAT€ SYSTEM ASCUMES THE PEAM TU L I E  I N  THE X-2  PLANE 
WITH JCIF!T 1 AT TVE OP JP- I N -  JOINT 2 ALONG THE P O S I T I V E  X A X I S .  
LOCAL CCORCINATE CROER I S  

WHERE 02 I C  T K A N Z L A T I Q N  AND J Y  IS RC!TATIONI 

MASS M A T R I X  I S  I N  LCiCAL COCRDIBATE SYSTFMo 

0Zl~D22rTYlrTY2 

DEVELOPFD P Y  P L  WC'HLFN. FEBRUARY 1973- 
L A S T  RFVISIOF! 6 Y  FL WGkLEN- SFPTEMEER '973, 

SUBRQUT I N F  ARGUM€NT t 
A 1  = I h P U T  CRC'SS-SECTION A P E A  A T  PEAM €NO 1. 
A 2  = INOUT CRCSS-SECTION L!F.EA kT EEAM END 2, 
R L  = lNPUT BFAM LENGIH, 
RO = I N P I I T  M A S 5  D F h l S I T Y o  
Z = OUTPUT M A 5 S  M A T R I X -  5 I Z E ( l , 4 ) o  
K Z  = I N P U T  KCI.: C;IMENCIC!N OF 2 I N  C A L L I N G  PROGRAM. MIN=4. 

C 
QE'TURN 
E N D  



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBRGUTIME Tf' CALCULATE F I N I T E  E L € M E N T e o  
L U M P € C  P A S S  M A T R I X  

FC7 A Tt RSlCN RCD E L E M E N 1  V I T r i  U N P € S T R A Z N E D  BCJh'OARIES.  

MASS M A T F I Y  IC I N  L C C A L  C P O S G I N A T E  ZYSTEM,  
ROD MAY P E  L I N E A R L Y  TAPEREP L'R UNlFC'RM. 

THE LCCAL CC'tfinINATF CYSTEM ATSUMES TkE ROC, TO L I E  AI-ENG TPF X A X I S  
WITH J C I N f  1 AT ?YE C P I G X N t  JCiNT 2 ALClrYG THE P E Z I T I V E  X A X I S -  
LOCAL C C V S O I V A T E  ORDER I S  

TX 1 9  TX2 
WhERE TX 1 5  QPTATI17W. 
D E V E L @ P E U  E Y  F L  WCIHLEN. FEFFUAFY 1973, 
LAST R E V I S I O V  EY PL  w k L E r d .  SEPTEMBER 1 9 ~ ~  

SUR30LiT I N E  kPG' :MENTS 
P T 1  Ib!PUT CROSS-SICTILN PPCAK AREA MC'MEI'T PF INERTIA A T  ROD END 1- 
PI2 = INPUT CROSS-SECTIOh! PCLAR & R E A  MEMENT OF I N E R T I A  AT F.00 END 2- 
R L  = 1NPllT FCD LEP!GTHe 
RO = INPUT M P Y S  P E N S l T Y ,  

Ki = IF!FI:T RCW D I M E N S I f N  CF i I Y  CALLING PROGRAM, MIIY=2. 
2 = TUTPilT P A S S  M A T R f X e  SfZE(2tZ)e 

C 
R E  TUKb.! 
E hfn 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c. 
c 
C 
C 
C 
C 

C 
Y 

" 

'.,,+Q > I 
b L  hCL7  TNE AtIC;UMFNT,C 

P I 1  = I N P U T  CFC?5S-5F'CiIC',N PCiLAR A R € 4  MOMEYT PF I N F R T I A  AT RCG END 1. 

RL = IIUFUT P O 5  L€NC-TH, 
R i i  = INPUT P A S S  D E N S I T Y .  

KZ = I K P U T  ROh' D I X E N 5 L C ; N  0:- Z IN C A L L I N G  PROGP.AM, MIN=2, 

P I 2  = lNPUT C R O S - S - S E C T I C %  POLAR AREA MGMENT OF I N E R T I A  AT RCO END 2 .  

L = C'UTPL'T M A S S  Y P T F I X o  C I Z E ( 2 9 2 ) -  

C 
P FTUPF.! 
E MD 



C 
C 

- C  
c 
C 
C 
C 
C 
C 
C 
c -  
c 
c 
C 
C 
C 
C 
C 
-c 
C 
c -  
C 



C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 

. c  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 

- C  

C 







M Z E l  
-I- 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

~ SUGRC'WTINF M 2 F l  ( X Z ~ Y S ~ T H I R O ~ Z , K Z )  
DIMFNS1QN ZtKZtl) 

SUGECUTINE T C  CALCULATE F IN ITE ELEMENTmm- 

F@R /r PFNDIfUG TQTPNGLE PLATE €LENEN? WITH UNRESTRAINED BOUNDARIES- 

THF LOCAL CCOPDINATE SYSTEM ACSUMEf THE ,PLATE TO L I E  I N  AN X-Y PLANE 

LUMPED M P Z S  M A T F ; I X r  

MASS MATRIX 15 ?N LOCAL CCC'SDINATE SYSTEN. 

WITh JCINT 1 A T  ThE X-Y C F I G I N .  JOINT 2 L I E S  ALOWS TME P O S I T I V E  C 
% A X I S .  AKD .'ClNT 3 11s IR ?H€ P O S I T I V E  Y OXRECTIQN- 
LOCAL C03QDINATE CQDIiR IS \ 

(DZtTXgTIT)  JCINT I t  THEN JCINT 29 30 
WHEQF DZ 1 5  TPANSLATION AND T X t T Y  APE R @ T A T I C N S o \  
DEVELoPED FY WA EfMFIELD m FEEPUAPY 19730 bb 

LAST REVISIC!N El- FtL 'AObLENo SEPT€M@EG 1913- 

SUERCUTINE ARGURENTS 
%2 = INPVT LPCAL X CGORDINATF LC'CATION OF JOINT Z o  
v3 = ?K'UT Ll?CRi,Y C0[3Rf.IN&TE LOCATION OF JOINT 3- 
Tt- = XNPW? PLPTE I H I C K N F S S ,  - 
R@ = IhrPlfT M A S S  @€N91TY, 
2 = CL'TPL'T MCSS HATPIX, S I Z E ( 9 . 9 ) -  
KZ = INPUT ROU DXMENSZCN CF Z-- Ihr CALLING PROGRAM- MIN=9- 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

- c  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

-c  



C 

7 
5 

C 
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C 



C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
,c 
C 
C 
C 

SUBPCl 'T IhE  1' CALcl1LOTL F I n l ? T E  ELEMENT--, 
LUMPED M P F S  M A T R I X  

FOR P. FECTCKGULAP ZbFAF PPNEL ELFMFNT WITH UNRESTRAINED E@UNDARI€S- 
MASS P'ATSIX I$ Ih' LOCAL CCICIRPIRATF C,YtTEMs 
T P E  LPCAL CDCRCINPTF SYS'IFM A55UMEC, THF PANEL TC L I E  IN AN X-Y PLANE 
WITh JCINT 1 L T  7b.E: X-Y CRIGlh.  J C I X T  2 L I F S  ALONG TWE P O S I T I V E  
X A X I S ,  JC?IhT 3. I S  IN THF P C Z I l I V L  X p Y  D I R € . C ? l O N ~  AND JOINT 4 L I E S  
ALONG THF P C S X T I V E  Y A X I S .  
LOCAL CClOR D I h L T F  f i F C E F  I5 

D x  1 9  [:x? 9 nY3 9LxL 9 P Y I  9 D Y ;  9 C Y Z t  D Y 4  
WNERE PXTUY AkiE TIIANYLAT IGNZ 
DEVELOPED E Y  R L  I\(QHLENo APRIL I??'+- 

C 



C 
C 
C 
C 
C 
c 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
c .  
C 
C 
C 
C 
C 
C 
C 

SrJbRGrJT IN F MAS 1 A  t C J  ,E J,  A 1  ,A 2 ,RUB *! 4MEM ,t tKCJ 9 KE J 9KZ 1 
OIHENSICN CJ(KCJ9 l ) r  EJ(KEJ,1?9 2;;. ' 9 1 )  

DIMFN'ICN F 1 i 3  93 1 9  E2 (3 3 3  1 9  W ( 2  02 1 
/ 

SUBRCWTI~E TO CALCULATE FINITE ELFMNT.-- 
M A S S  M A T R I X  

FOR AN AXIAL ROO FLEMENI W I T H  UNRESTRAINED 6OUNDARIESe 
ROD MAY BE LINEARLY TAPER€D Cf? UNIFORM. 
SASS 3ATRIX IS I N  GLOREL CGORDINAT€ O I R E C T I O N S -  
GL(i6AL CT\CP,DINATE PRDER IS 

(UTV,W) S P I N 1  I9 THEN J @ I N T  2- 
WHERE U*V,W ARE 7FtAh'SLAT IOF!S 
EULER ANGLE CG'NVEMTICN I S  C-LORPL X I Y T Z  PERMUTATION- 
CALLS FORMA SUPf,tJL!T INES EULE R 9 M1 A I  * M I  A 2  9 ZZe-OMB - 
DEVELOPED 97 RL WOHLEN, SFPTEMPER 1972- 
LAST R E V I S I O N  EY W P  EENFIELD- MARCH 1976- 

SUYRC'UT I N F  ARGC!MFW 2 
C J  = INPUT MATRIX O F  GLCBAL Y,Y*Z  COORDINATES AT ROD JOINTS- 

PEWS 1 , 2 1 3  CPPRESPOND TO X v Y v Z  COORDINATES- 
COLS 1 9 2  CORRESPOND TC JOINTS 1.2- SIZE(3 .2 ) -  

EJ = I N P U T  M A T P I X  @I EULER A N C L E f  (Dt iGPFE5)  AT ROD JOINTS. 
PCWS i t z t 3  CCPRESPOND r r  GLOEAL x .Y tz  PERMUTATION. 
COLS I92 CIJRRESPCND TO JCINTS X.2- SIZE(3.2)o 

A 1  = INPUT CPC:CS-5ECTIPP.J PIRFA AT ROD FNC 1- 
A2 = INPlrT CFO'S-ZECTION A R E A  AT POD Era0 2- 
RU = 3NPVT V A t S  D E N S I ' I Y ,  
NAMEM = INPUT TYPE IjF R A S S  MATRIX WANTED. 

= M I ,  LUMPED. 
= P29 C O N S I S T E N T -  

2 = PUTPUT MASS M A T P I X .  S X Z E ( 6 t b I -  
KCJ = INPUT POU D I M E N S I O N  OF C J  I N  CALLING PP0CSlii.r- MIN=3o 
KEJ = I N P U T  R C ~ W  DIMENSION OF EJ  r N  CALLIPS PFGGRAM- M I N = L  
KZ = INPUT RPW DIMENSIC!l\l CF 2 IF! CALLING PROCPAK- HXN=6m 

P'ERRPR EXPLANATICN 
1 = DIMENSIQM SJZE EXCEEDED (KZ). 
2 = NAMFM IMPPC?PEFLY DEFIhED. 

NERROR= 1 

NERHJR=2 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 

SU6 RCUTTN F ARGIJMENTS 
C3 = INPUT MATRIX OF GLCE.AL X,Y,Z  CC~FDINATES A T  BAR JGINTS.. 

RCIL.5 1 , 2 9 3  CC'FRESPOIvD TI? : ' ~ Y p i !  CC(7RDTNATES-  
C C L S  192 CCRRFSPQND TC' ~ k ' i M T 5  1 9 2 .  C D L  3 CORRESPUNOS 
f P  R E F € 3 F N C E  P P I N T  TO DEFIKIE LCrCAL X Y  P L A N E -  Z I Z E ( 3 9 3 1 -  

E J  = INPUT M A f @ T ) !  C F  EULER ANGLES ( D E G R E E S )  AT EAR r). I N T S -  
SOWS 1 .2  93 CGRRESP@ND TO G L C P A L  X o Y ,  Z P E R F U T A T I C N ~  
C@LS 1 9 %  CCi! :LECPON~ TO J O I N T S  1 9 2 -  S I Z E ( 3 , , 2 ) .  

A l  = IrJPLI'3 C R O S c - ? E C T I O N  AREA AT BAR €ND 1. 
A 2  = INPCIT C R C S S - S E C T I O N  C ? E A  A T  !3A l i  €N@ 2, 

P I 2  = I N P U T  C k C S 2 - S E C T I Q N  POLhR A R E A  MOMENT CF I N E R T X A  A T  ENC 2, 
RO = l N F U T  M A S S  D E N S I T Y .  

P I 1  = INPUT C.POSS-5ECTI3N PCLAR AREA MQMENT OF I N E R T I A  A T  END 1- 

NAMEM = I r w i ! 1  TYPE C F  MASS r + a T R I x  WANTED, 
= M 1 ,  L U M P E D -  
= M 2 9  C C N S I Z T E N T ,  

z 2 C'UTPCJT P A S S  H A T P I X -  SIZE ( 1 2 9 1 2 ) e  
W = I N P U T  W W K  SPACF M A T R I X ,  S I Z F ( 1 2 9 1 2 ) .  
K C J  = I N P l i T  F C W  DIMENSIDh CIF C J  I N  C A L L I N G  PROGRAM. MIN=3, 
KEJ = I W U T  hClW D I M E N S I C I N  C i  t3 I N  C A L L I N G  PROGRAM, M I N = S ,  
K Z  = INPI!T RF;M C ; I H E N ~ I C ' N  FF z IF.: CALLINS PFCGRAM. r 4 1 ~ = 1 2 ,  
KW = JNPUT ROW D I M E M Z I C N  @F W I N  C A L L I N G  PROGRAM, M I N = 1 2 0  

RE R R f  R = 1 
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C 
C 
C 
C 
C 
c. 
C 
C 
C 
C 
C 
C 

. c  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

L 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 



NERROR=2 



c 
C 
C 
c 
C 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 





C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r 
C 
C 
c 

C 
C 

SUEFOUTINE T C  CALCULATE F I N I T E  ELEMEhfo-• 
P A S S  W A T R I Y  

FCR A PECTANGI~LXP ? P E A R  r*&NFL ELEMENT W I T H  UNRESTRAINED BCUNDARIES- 

GLQf5t.L CCS3QEtYATE W r E R  IS 
P A S S  MATQIX  I C  I N  GLC'PAL COORDINATE DIRECTICNS-  

( U T V ~ W )  JC'INT I ,  THFN JFINf 2. 3. 4 -  
Ut'€!?€ L ' r V t Y  A R E  'TANSLAT IGNS-  
EUL€F: &WOLF CC'W' W T l W  13 GLOGPL X T Y ~ Z  P E R R W I A T I O N -  
CALLS FC'CMA SUERCUTINES M 3 C l r Z Z t O M E -  
D€V€LC."CD F Y  R C  WOflLFN, A P R I L  1974- 
LAST P E V l S i P P I  P Y  P L  WOiLEN. HAY 19'16- 
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C 
C 
C 
C 
c 
i 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUGPOVTINf TI? C C t C l i L A T E  4C.N C'PTICN) F I N I T E  ELFMENT t 

M I S S  P!ATFIC.FS AFtO I V E C S  (C:N N l ~ T M X ) ~  

AND IVECS (CW NUTKXIr' 
UNIT L0A.C EUCkLING HAfPICFS AND I V E C S  (CN NUTEX), (NUT YET)  
LOCAL L P A D  TRAKSFORKATION MATE.IC€S ANI! TVECS ('3N NUTLT) 9 (N@T Y E T )  
S T P E I ?  T R t % Z F O ! ? M b T I C N  M A T R I C E S  AND I V E C S  (ON N l J T S T ) r  (NOT Y F T )  

S T I F F N F S S  MATGICES ( S A M €  AS GLOEAL LOAD TRANSFORHATION f l A T R I C E S )  

FOR CGMFINFD MEMEEf N E - E E R D I N G  OUADRIf  ATEF.AL P L A T E  ELEHENTS-  
H A S S T  S T l F F N f S s T  P U C K L I N G  M A T R I C E S  ARE I N  GLCQ,AL CGURDINATE 
DIRECTTF.9S  
GLOEAL COFFPXNATE DF'GEF IC 

( U , V T W T F ~ G , P )  JCJF!l ;* ThFR J C I R T  2 9  39 40 
WHERE U T V T W  A.RF TkAfVSLATZ[!F:S AXE P r 6 v R  APE RCTATIDNS- 
I V E C  G I V E S  E L F K F N f  RCF 1t':TL' G L C R L L  bOFo EXAMPLES.,, 

I V F C ( 6 ) = l ? L  F L A C E S  ELEMENT L:CF 6 I N T I ?  G L C @ A L  DCF 8340 
I V E C ( ? - ) = O  O M I T 5  ELEMENT DOF 3 FRGM G L C B A L  DOF- THI5 COAI\rZTRAINS 

ELFMEN7 GCIF 3 TU Z E R O  MOTION. 
GCCEAL LPAD T9LXSFCRMATION M A T R I X  R F L A T F S  LObR5 AT QUAD V E R T I C E S  I N  
GLC'EAL CVCFDXKATE C l I G E C T l C N S  TC D F F L E C T I C h l S  TN THE G L C E A L  COORDINATE 
D I R E C d I C N S .  
RGW ORE€;' IF; C-LCF.CL LCAD TPANSFCKMATICN P A T R I X  I S  

WHERF P 1 :  i 3 C E  C.NU M 1 C MOMENT. 

PTRECI Irr.!:. 
S T R E S S  TRANSFCRMATIWJ M A T R I C E S  P F L A T E S  S T R E ~ S  A T  CUAO VERTICES IN 

( PU 9 PV 9 Frd 7 K P  7 :<C!t M C 1 J 01 NT 1 THEN J @I NT 2 93 9 4  - 
L C C A L  L O A 3  TkANIFCPWATIC?!V P A T R I C E S  E'ELATES LOAD AT 'QUAD V E R T I C F S  I N  
LOCAL CC'L'9EIN,tTC Z Y S T E M  1C C E h t E C T I O N '  IN W E  GLOBAL L u O R D I N A T t  

L E C A L  CCIOCPINATE CYCTEM TO D F F L E C T I n N S  I N  T H F  G L f l E A L  CO9RDINATE 
D 1 R i C T I C : Y C .  
DATP : R R C h ' G L M f W T  ON NUTMZ, NUTY.Xt NUTEXT NlJTLTq NUTST FOR EACH F I N I T E  
ELEWEPIT 1 5  ( W = M , K t P t L T , Z T )  

W R I  TF ( lul.lTW): 1 NAKFW .N FL TWRTNC TNAHEL T ( IF L N K T  I = 1  T 5 )  T 

( I ,J 1 9  I = 1  rNF( T J = l  TNC: t ( I V E C (  1 T I = l t N t )  
C A L L S  FOPNA 5,L'F:F.CL'TINFC M L 5 3 9  P A G F H D v  ZTF3r  ZZPDMR, 
D E V E L C P F D  R Y  W b  F ' ? N F I F L D r  CC. hC'DlFYT E L  WCHLEN. MARCH 1973, 
L A 5 T  ! ? E V 1 5 I C N  F Y  9 L  WCWLE-F!. M A Y  1976. 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

@ E F I N I T I Q N  f3F IWPLfT VAFIkF..LES. 
NAHEH = T Y P F  CF M A S S  WATRIX  WANTED. 

= M ' p  P I A G O N A L  LUMP€[)- C V € R L A P  AVERAGE C'F F W R  TRIANGLES.  
= H ? r  C f N Z I S T E k T -  CiVERLAP AVERAGE 3F  FCUR TR?ANGL€S. 
= 6 H  CP 6!?fVCIMASS, N@ MASS M A T R I X  CALCULATED-  

NAMEK = TYPF C:F CTIFFNESC M A T H I X  WANTED- 
= KI, CVEPLAP A V C R A G E  cF ~ O U P  TRIANGLES- 
= &I- C:F 6 b N r S T I F p  NO STIFFNESS' M A T R I X  C A L d L A T E D -  

N A M E L T  = I D E N T I F I C A T I O N  NAME FOR LG'AD T R A N S F O R H A T I V J  M A T R I C E S -  
= 6!-! CR CbNCLCPC!, NC! LCAI) TRbhSiCPMATIUNS C A L C U L A T E D -  

NAMEST = IDENTYFICAT?C!h NAP€ FCR STRESS fR ANSFORMATlCN H A T R I C E S -  
= 6b OR 6Hf\(CSTRS 9 NO ST PE SS fRANSF@RMATI@NS CALCULATED. 

NAMEE = T Y P F  CF P.!L!CKLINC. M A T R I X  WANTED. 

RC = M E S S  D E N S I T Y ,  
E = v r ! w c  KODULUS CF ELASTICITY, 
ANU = PI?IC?r?FIC F'J'TIP- ( E / 2 G 1 - 1 -  
TMASC = E F F t C T I V F  M A 5 5  T3XCKNESSp ( C O N S T A N T ) - .  
TMASV = E F F E C T I V F  M A S 5  7H IC KVEC ,C v t VAR I A S L F  1 

= 6F( CR 6kNI?EUcK9 NC! B U C K L I N G  M A T R I X  C A L C U L A T E D -  

I F  - L F -  C - 9  TMASC I E  USED- 
THEMC = E F F F C T I P E  P F N F R  P b I E  T H I C K N E S S T  ( C O N S T A N T ) -  
T H E H V  = E F F E C T I Y F  F ? € W P S A N €  T K I C K N E S S ?  ( V A P l A B L E ) .  

I F  .LE. e -9  Ti4EHC I C  U 5 E D -  
T e w c  = EFFECTIVE F.EN'~I~\'G T H I C K N E S S 9  ( C C ~ S T A N T ) ,  
TGENV = f F F E C T I V E  FENDING T F I C K Y E S C T  ( V A R I A B L E  1 0  

NEL = F J N I T F  F L F M F N T  NUMP.FR, FC'R REFFRENCE ONLY, N@T USED I N  
I F  - L E .  L o  n fF.F:JC I: USED- 

C A L C l ' L L T J f l N Z ~  W R I T T E N  Oh? NUTMXV ETT, 
31 = JDlP!7 h'kWF.FR AT Q U A D F I L A T F F A L  VERTFX 1, 
5 2  = JCINT NU?!E.Fc t T  O U A D P I L A I F P A L  VFRTFX 2, 
J3 = J C I N T  !SIePFFF AT C!lICDKIL!TERAL VERTFX 3- 
J4 = J C I N T  NIJKF3EP L T  GUAD?ILATEF!RL VERTEX 40 

E X P L A N A T J 3 N  PF I N F V T  . .T .MATS.  NUMBER I N D Z C A Y Z S  CARD CCLUHNS USED- 
I = IP.!TFC-EF C b T A ,  F I G E T  /..!?JUSTED, 

X = CAE:! CCL l IYR5  ? K I P P € P ,  
E = 9 ) F C . l k E L  P C ' I N T  I ! C T P ~  ANYWHFRE I N  F I E L D -  FXPONENT RIGHT, - ,ADJUSTED 

* * * * ~ P S * ~ t ~ ~ * * 8 ~ 9 ~ ~ ~ ~ ~ ~ * ~ ~ ~  SP** ~*********~*~**************.**#****# *** 



C NC'TMX M A Y  E€  ZERO I F  M A S S  M A T R I X  IS NCT FC!f?MED, 

C NUTKX = L C G I C A L  kUHE(ER CF U T I L I T Y  T A P €  CN W H I C H  E L E M E N T  
C CTIFFFtEC_Z M b T F I C E Z  ( S I M F  A S  C-L@@AL L P A D S  f R A N S F O R P A T 1 O N  
C P k T P I C E S )  CND I V E C S  ARE OUTPUT, 

C USES FC'RTRAN REA@. W R I T E -  

C N V T K X  M A Y  @E ZERP IF S T I F F N E S S  N A f R I X  I S  W T  F O W E D -  
C U5ES F I 2 R T F k N  R E A C T  W R I T € -  
c Numx = L C G X A L  NUMPEP, PF UTILITY T A P F  m WHICH ELEMENT UNIT cam 
C E U C K L I N G  P A T F  IC f S AND I V E C S  P.RF CWTPUT, 
r_ N U T E X  M A Y  E €  Z E P C  I F  €'JCKLINC M A T R I X  IS NOT FORMED-  
C U S F C  FC'RTRP.N PEAD,  W R I T € ,  
C NUTLT = L C G I C E L  NUMEER C'F U T I L I T Y  T A P €  C?N W H I C H  F L E M E N T  L O C A L  
C LPAP TSbkSFC3CCTIL 'N  M A T P I C E S  bND I V E C S  A C E  OUTPUT- 
C 
C U Y E C  F P R T R A N  P E A @ ,  W R I T E -  
C NUTST = LC.GICAL NUMPEF CF U T I L I T Y  TAPE CYJ W H I C H  E L E M E N T  

C N L t T 5 T  MAY EE Z E F 3  I F  STRESS T R A N S F O R M A T I O N S  ARE N O T  FORRED,  

NUTLT K A Y  P.F ZERO I F  LGAD T R A N ' F C R M A T I O N S  A R E  NC'T FORMED- 
. .  

C S T R E S S  f F A N S F C ! M A T I C N  M A T R I C E S  AND I V € C S  ARE CUTPUT.  

C V S F S  F C F T R A N  READ. W R I T € .  
c w  = MATFi.IX W l R K  SPACE.  MIN 5 1 2 € ( 2 4 ~ 2 4 ) -  
C T  = M A T F l X  W f F Y  SPACC-  M I N  S I z E ( 2 4 ~ 2 4 ) -  
c s  = M C T P I X  WOP.K SPbCE- M I N  SI2€(2L~24)- 
C K X  = RCU UlMERSICN G F  X Y Z  IN C A L L I N G  PROGRAM, 
C K J  = PPh' GIMFWSICN C F  JDCF- I N  C A L L I N G  FRGGRAM, 
C KE = 9PW D I M E N S I O N  O F  F U L  I N  C A L L I N G  PPCC-RAM- 
C KW = ROW D I M E N S I C N  OF W v  T ,  AND S IN C A L L I N G  PPOGRAK-  1 9 I N = Z 4 -  
C 
C NFFRCR I. XPLANATICN 
C 1 = J O I N T  NUYE-ER C-GFCTFP 7HPN NUP!.FR. C?F J C I N T S ,  
C 2 = MAS5 M A T R I X  FCRF' -S ,  RUTRX , L € -  Z E R C ,  
C 3 = S T I F V v € $ 5  -MATPI ) !  FCRMEDt NUTKX - L E .  Z E R O -  
C- 4 = L T  M A T F I X  FDRWFD, N U T L T  ,Lf ,  ZFQC,  
C 5 = ST M k T P I X  FCRMED, N U T S T  O L E -  Z E R O ,  
C 

1001 FPPMAT ( 5  ( > t , . r L t X )  1 
1002 FC'9,MAT ( 3  (CX,F! ( i -c ! )  1 
.IO05 F r C  h'L1 ( 5  1 5  p 3 E l '  . C . )  
2001 FC?kMAT ( / / 2 5 X  L O F I N P U T  @ A T A  FCF. C @ M F l M D  MEKBKJNE-BENDING * 2QH 6 U A D Q I L E T E F A L  PLATE E L E M E N T S )  

* 4 1 P  GUAURILATFPAL P L A T €  CLFhFNTS ( C G N T I N U E D )  1 
2003 F O E M A i  . ( /  13X7I4Mn55 = S t ,  l S X 7 h 1 ' T I F  = A 6 9  6 X 1 3 h L O A D  T R A N S  = A 6 9  

2002 FGKMAT ( / /3LX 4C~: INF.UT LiCITA FL'R CCMPl'hFC MCMP'ANE-PENDING 

* Z , X I 5 b Z T P E 5 T  TRAK-C = 3 X l l H F I ' C K L I N G  = A6r * / l C X 4 H . I :  = Eli1 .3 ,  13X3hE = F l O . , ? ~  
* / ! C . X ' + e T ( M A ! S )  = €IO.?* lZXLbNL1 = € Y O . ? ,  
* / 5 2 X 1 2 t ! T  IHFM!>.RAF!E ) = F 1C1-3~ * / f ? X l ; k ' T ( F € N C ~ I N ( ; )  = €13.39 
* / / ? Z X  3 F F L F F € N T  3X: 7PJCINT 1 K.X 7 t 'JOINf  2 5 X  f h J O I N f  3 
* F)c  7 h J f l N T  4 E X  7H1!MA55) 6 X  l IHT( f+€MEF.AME)  

* / ? ? Y  5t'hL1Pt-E' L ~ ; X  1 ( 5 X  l O F ( V b Q 1 C F L E )  1 1 
* 5 X  ] O C T ( I . E N T I I ~ ! C - )  

2004 L C ' . . - M A '  fli)c S ( I f . i , 7 X ) ( : 1 ( ! 1 C . - p C . X )  1 
2005 F@LMMkf ( 1  ?Y - f l '97)O 1 

C 
C K,AT, AN[! W F I T F  F I P I T T F  C L F k i r Y  ::,ITA. 







P.ECTSP-- 1/ 4 

C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
c 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
c 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

D F F I N I T I @ M  nF INPUT V A R J  APLF?. 
NAMFM = ' IYPF OF M A S S  M A T R I X  WANTED. 



R € C I S P -  21 4 ------- 
= P I ,  DIAGCNAL LUMP€D, 
= M 2 ,  CONSI5TENTo 
= &H f'Q 6 k h @ M A S S 9  MCI M A S S  M A T R I X  CALCULATED- 

NAMEK = TYPE OF 5 7 3 F F N F Z  M A T P I S  WANTED, 
= t . 1 ~  LIb:':iAP DI ZYLACEPTENT (T.CNFTRFBT S T E ' A I N )  
= 6)" CP 6HNrSTlFp NO S T I F F N E 5 S  M A T R I X  CALCULATED. 

NAMELT = I D F k T I F X C A T I C N  kAHE FCR LC'AD TFPAPUSFORHATICBI HATRIC€S- 
-- 0 w C 9  4W@LPbr*9 N@ LOAD TRANSFORVAT IONS C&LCUCATED, 

NAWEST = IDSNlIFICkTICh NAPE- FOR STRESZ T F A N S F O R M A T I O N  M A T R I C E S ,  

RO = ? % A S 5  DENSITY,  
G = SVF p-' MCDl'LUS O F  E L A S T I C I T Y .  
TMA5 = FFF€CTI \ ) t -  P A S S  TPICKNESS. 
T5TF = F F F k C T l V E  S T T F F N € S S  TFICKNESS, 
NE L = F I W I I E  FLFYFhrT P:lJMI'ER, FCR REFEPFNCE ONLY. NOT U S E D  1N 

J1 = J ( ? l N T  NUHETP f? PRhsEL VFRTFX 1. 
J P  = JLIFIT WLWF€Q AT PANtL V€RT€X 2, 
J 3  = 3 C I K T  NUMbES AT PLNEL VERTEX 3, 

= 6t1 CR 6 W C 1 C  TPS. NO STRFSS TRANSFORMATIORS CALCULATED- 

C A L C l ' L A T I C N C -  3 R I T T E N  CN NUTMX. ETC- 

5 4  = JrIrvo7 NUMEW AT PANEL VERTEX L, 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C - c X Y Z  - 
C 
C 
C JDGF = 
C 
C 
C 
C EUL - 
C 
C 
C NUTEL = 
C 
C N J  - 
C NUTMX = 
C 
C 
C 
C NUTKX = 
C 
C 
C 
C 
c IUU?LT = 
C 
C 
C 
C NUTST = 

- 

- 

Y L T E l X  PF Jfi INT GLOEAL XvY.2 LC*CATICNS, ROWS CORRESPOND 
TC J r l N T  NLIME.FRS- CCLUMNS 192.3 CORRESPOND TC THE JOINT 
X ( r Y  v i  LPCATICINS PESPECTTVELV-  S I Z F ( N J t 3 ) -  
MCTFIY r F  JPINT GLCEbL CFGREEc CF FREEDOM, ROWS C(1RRESPOMD 
T f  JC'IPJT P'UMBERS. CCLCMNS 192-3 CCRRESPCND TO THE J O I N T  
TOAMSLATSON DOFt  AND COLUMNS 4 9 5 ~ 6  CORRESPOND TO W E  JOINT 
SI TPTTCh' FJL'FS 0 SI ZF (NJ, 6 1 
rZIATPT!! OF SPINT EULE? ANGLES (DEGREES)- ROWS CORRESPOND 
TI7 JCIFIT ! W t W F P S o  COLUMNS 1 9 2 9 3  CORRFSPUND TO THE 
GLCk'AL X Y Y T Z  PERMUTATICN. S I Z T ( N J  93 bo 
LfGICPL k\ . t ' ; IPE~ CF TbPE CCNTAINING ELEMENT INPUT DATA FOR 
T H E  'UPPCUTINE, I F  NUTEL = 59 DATA IS READ FROM CARDS- 
MUMPFK CF . fOINTS CtR RQWS I N  M A T R I C E S  ( X Y Z ) .  (JDOF), ( E U L ) ,  
LPC-ICAL NUMEEq CF U T I L I T Y  T A P €  ON WHICH ELEMENT 

NIITMP PAY B E  Z E R O  I F  M P S S  M A T R r X  IS NOT FORM€D, 
M b C f  M A T R I C E S  AND l V E C S  ARE Ol'rPUt. 

t 'SE5 FCPTQAN P f A G ,  t4EITFo 
Lr+GTct,t. NUKE'FF PF UTILITY TAPE PN WHICH ELEMENT 
5TiFFNFSC VA:P?CFS (SAME AS GLOPAL LOADS TRANSFORMATlSN 
M A T P ~ C F S )  m r 3  ,VECS A P E  CUTPUT. 
?JL'TKX MAY rqF 7 E k l  I F  Z T I F F N E S S  P A T R I X  IS NOT FORMED, 

LTG3CPL AUC:kiP OF U T I L I T V  TAPE ON WHICH ELEMEWT LOCAL 
Lr'FS FCFTEAN "5 APT W P I l E o  

LL'bD TH AP'SF1''MA T lUN MnThICEz AND JVECS ARE IXJTPUT, 
NUTLT MfiY E F  7€FC' I F  LClAD TPANZFOPMATIONS ARE NOT FORMED- 
UIPEC. FC'FfHAN P F A t i r  k R I T E o  
L r G l C A L  MIJMZSCR 3 F  U T l L l T Y  TAPE CN WHICH €LEMENT 



20 

30 

C 





C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 

SUGFOIITIWF i t '  C A L C U L A T E  F I N l T E  ELEMENT,., 
S T l F F P J € S S  M A T P L X  (S4MF AS G L C F A L  L @ A D  T L A N S F O R M A T I O N  M A T R I X ) ,  
L C C A L  L O A r  TP ANSFC'PMA T I O N  M A T R I X  9 

S TAF SC TR 4h',CF CKME T I  CN M ATR 1 X 
FQP A N  A X I A L  PCD F L E M E N 7  WITH U N R E S T R A l N E O  613UF;DARIES- 
P O 9  MAY F E  L'INFAPLY T A P E F F D  CR U N I F C F M ,  
S T I F F z i f  55 W A X I X  I S  I N  GLC'EAL C O C R D I N A T F  D l R E C T I i I N S -  
G L O P A L  COORC3PlATfi ORDER IS 

( L ' T V T W )  JCLNT I T  IhEh' JPIMT 2 -  
WHERE U ~ V T W  f F t F  T k A N S L A T I C N F -  
GLPPRL LPAD T F A N ~ ~ C W M A T I P Y  M A T R I X  RELCITES L O A D S  A T  RCD ENDS I N  GL06AL 
C f l I ? R D I N A T F  D I F : E C T I @ N S  TO D E F L E C T I O N S  I N  THE G L O e A L  C O O R D I N A T E  
D I R E C T I P N C  
RCW ORDFF I N  G L V € O L  LOAD T R A N S F C P M A T I C N  MATRZX IS 

( P U t P V 9 P W )  JCIIVT 1, THEN J O I N T  2- 
WhE4E P I S  FrF.CF - 
L O C A L  L0C.D TPCNSFOFMATIPP4  M A T P I X  PELATE:  L O A O S  A T  POD ENDS I N  L O C A L  

RCIW C'KDFR I N  L C C A L  L C A D  T R A N S F O R M A T I O N  M A T R I X  I S  

WHERE PX IC A X I A L  F f R C F .  
P X l t - 1 ,  PXZ(+) 15 TF!'ISICNo P X l ( + ) r  P X 2 t - j  15  C C M P R E S S I O N -  
STRESC 3 7 A N S F P F M A 7 I O N  M A T F l X  P F L A T E S  S T R F S S  AT P O D  E N D S  IN L O C A L  
C 0 O Q l ) I N A T E  S Y r T E M  T C  OEFLECTICJMS I N  THE G L O E A L  C O O R D I N A T E  D I R E C T I O N S ,  
ROW C R D E R  I N  STPESS T R R N S F C R M A T I O N  M A T R I X  IS 

CC'ORF!INATE CYSTEM 'iC' O E F L F C T I C N S  I N  THE G L O E A L  C O O R D I N A T E  D I R E C T I O N S -  

P x j  VPX2 

SIGMA-XI t S I C - M A - X 2  
WHER€ SIC-MP 15 NCRMAL Z-TRFSS, 
S x l t - ) T  S X 2 ( + )  I 5  TENSION- S X L ( + ) T  S X 2 t - I  IS C C M P R E S S I O N -  
E U L E P  A N C L F  CCNVFFfT10N I S  G L @ P A L  X t Y 9 Z  P F R M U T A T I O N -  
C A L L S  FCRMP ZUEPC'WTINEZ A T X B A l t  D C f l S l A ,  K I A 1 9  M U L T A ?  ZZSOMB- 
DEVELC'PFD EY RL bEHLENo SErPTCMPEP 1972-  
LAST R E V I S I C N  C Y  WA BENFIELD-  MARCH 1976- 

SUFPCUTIWF AkGUMFNTS 
C J  = I N P t J T  M k T R I X  C F  G L C t - A L  X p Y 9 Z  C C O R O I M A T F C  AT ROD JOIN'ISm 

FOWS 192 93 CCPSE SPUND TO X . Y ? Z  C O O P D I N A T E S m  
CLLC 192 CL.RPFSPC!ND T C  J @ I N T S  1 9 2 -  SIZE(3t2)- 

E J  = INPW'i M A T F I X  O F  F U L E P  ANGLES ( D E G F t E S )  AT POD J O I N T S .  
R r w s  I t~ ,3 CPPREZPOND TC GLCPAI X , Y ~ Z  PERMUTATION. 
CC'L'. 1 9 2  CCRRESPCND TO J O I N T S  1920  S I Z E ( 3 t Z ) o  

A 1  = fNPU7 CROS5-SECTICfV A R F A  A T  POD €NO 1 -  
A 2  = IP'ol.!7 C P L S S - S F C T I C M  AREA A T  ROD FNI! 20 
E = I N P U T  YIWNGS MnDULUS GF E L A S T I C I T Y -  
NA3;FK = LI'!PlJT l Y P C  OF C T I F  M A T R I X  WANTFD. 

= K I T  CCNTTAN? A X I A L  FOPCE ASSUMFEJ. 
NAMES3 = INF.\tT P P T I O N  FkR STRESS T R A N S F O R M A T I O N -  

= 6H U P  6 H N U S T R S  *NO S T S F S S  T R A N S  C A L C U L A T E D -  
S = GUTPU7 STIFFNTSS M A T R I X  ( S A M E  A S  GLOBAL L O A D  T R A N S F O R M A T I O N  

M A T R I X ) .  S ' I Z E ( 6 v 6 ) .  
TL = DIJTP~II Lccbi L O P D  TRENSFCIRWATION MATRIX, S X Z E ( ~ ~ ~ ) .  
T S  = ClUTIWT S 7 R t S S  T R A N S F C h M A T I O N  M A T R I X -  S I Z E ( N K S T ? 6 )  



STFlA -- 21 2 

C 
C 
C 
r. 
C 
C 
C 
C 
C 
C 
c 

NRST = ClUTPUT NUMF.EG @ F  ROWS IN STRESS TRANSFORMATION M A T R I X ,  
K C J  = JRPlIT RCW CIIhENSXC'N TjF C J  IN CALLING PRPGRAM- H I N = 3 -  
K € J  = IMPt I ' I  FtCW DIMENSIC'N OF E J  I N  CALLING PROGRAM- M I M = 3 -  
K S  = Ih'PUT R C . W  DIMENSION OF S I N  C A L L I N G  PROGRAM- WIN-6. 
KTL = INPL'T t'OW DIMENSION nF TL I N  CALLING PROGRAM- MIN=2-  
KTS = 1NP1II FCh! D I M E N S I O N  OF TS I N  CALLING PROGRAM- MIN=NRSTo 

NERRC'R FXPLbNkTION 
1 = SIZF LlFnITATltN FXCEEDED. 
2 = N A M € K  lMPRC!P€?LY D E F I N F D o  

C 

C 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
i 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 

SUBFOUTINF TC CALCULATE F I N I T E  FLEMENT,. . 
STIFFNFSS MATRIX (SAMt A S  (;LCBAL LCAD TQANSFURMATION MATRIX), 

STRE5S TP6NSFCPWATfON M A I P l % ,  
LOCAL L O R G  TRANSFCPMATICN MATRIX, 

F@R A C O M B I N E D  AXIAL-TPRSION-BE~DIKG P A R  ELEMENT WITH UNRESlRAINED 
ROUNDAEI€ S 
PAP MAY RiF LJNFAPLY T A P F R E O  OR UNIFDRMo 
STIFFNE5S M A T R I X  I S  LN GLCBAL COORDINATF DIXfECTIONS- 
GLOBAL Cn9FDINATF OPDER I S  

( W T V T W I P , Q T R )  JOIN? 1 1  THEN JCXNT 2 
WHERF U T V T M  A R E  TRANSLATICNS AND PvOtR A P E  RC'TATIONS, 
GLCiGAL LPAC! TEPNSFDEMATION MATRIX RELATES LCADS AT BAR ENDS I N  GLOBAL 
COQRDINATF D I P E C T I O N S  TO DLFLECTIONS I N  ThE GLOGAL CODRDINATE 

ROW ORDFP I N  GLO€AL LOAD TPANSFOFMATION MATRIX IS 
DIRECTIONS. 

(PU,PVIPWTMPTMU,MP~ JC'LNT I . ,  TPFM JCIMT 2. 
WHERE P 15  FUKCE: AND M I S  MCMENT, 
LOCAL LC&D TFANSFC!RMATIOM MATRIX RELATES LOADS AT BAR ENDS I N  LOCAL 

ROW ORDFFt. I N  LCCAL LPAD TRANSFORMATION M A T R I X  Is 
COORDINATF SYFTFM TO DEFL€CTICNS I N  T H E  GLOPAL COORDINATE DIRECTIGNS- 

P X l r P X 2  9 M X l  TMX2rPYl TPY2 7 # 2 1  rMZ2,PZl 7Pz2 ,MY1 ,MY2 
WHERE P IS FfRCF AND M I S  MOMENT, 
STRESS TRANSFDRMATICIN MATRIX F.€LATFS STP.ESS AT BAR ENDS I N  L O C A L  

ROW OFDER I N  S T R E S S  ?RANSFORMATION MATRIX IS 
COORDINATE SYSTEM TC DFFLFCTICNS I N  THF GLOBAL COORDINATE DIRECTIUNSo 

P X ~ / A ? T P X ~ / ~ ~ T  M X I * r ( I / T J l  T M X ~ * R ~ / ~ J ~ T  
P y l  /A 1 T PYz /A2 M z  2*CqY2f B I  22 t 
P z  1 /A 1 T pz 2/R2 9 t@Y 1 *c 21 f e 1 Y 1 T MY 2*C22 /R IY2  

MZ l'*c / L! 12 1 

WHERE P I S  FCRCE ANI? M I S  MOM€NT. 
EULER ANGLE CONVFNTIC'N I S  GLOBAL X r Y t Z  PERCUTATTON- 
CALLS FC'PMA SUBQOUTXN€S ATXBAl T D C O S ~ B T K ~ A ~ ~ K ~ B ~ ~ K ~ C ~ T ~ ~ U L T A ~ Z Z ~ O M ~ ~  
DEVELOPFO P Y  R L  WCWLEN- FEERUARY 1973,  
LAST R E V I S I C N  EY P L  WOhLEN. APRIL 1916. 

SUF.ROUT I N F  ARGUMENTS 
c c3 
C 
C 
C 
c FJ 
C 
C 
c KllDF 
C 
C 
C 
C 
c 
C 
C 

= INPUT M A T R I X  CF GLOBAL X v Y r Z  CUORDTNATES AT R A R  J O I N T S -  
FQWS 1 ,293  CWRESPOND T13 XIYIZ COORDINATES- 
CPL5 1.2 CC'RRFSPC'ND TCI JOINTS 1120 C O L  3 CC'RRESPQNDS 
TC RFFERFNCE PI' INT TO DFFINE LPCAL X Y  PLANE, S1ZE(393)- 

= I N P t I T  F ? A 7 P l X  OF FULER A M G L t S  f D E C , R € E S )  AT BAR JOINTS, 
F.L:WS 1,293 CORRESPOND TO GLPRAL X T Y ~ Z  PERMUTATION- 
CI*L$  1 9 2  C(7FPFSPOND TO JP INTS 1 9 2 0  S f Z E ( 3 r Z ) o  

= r w w  r w i r w  CPDF FW PXIAL, TORSICJN, BENDING z t  BENDING v 
L r c b L  STIFFNESS, I F  FLANK, ALL FOUR ARE CALCULATED, 
STZF ( I  1. 
KRDE(I.)=A 9 LOCAL STIFFNESS M A T R I X  IS CALCULATED 

FOR AXIAL (ALONG LOCAL X - A X I S ) ,  
KC'Dt ( Z ) = T  9 LOCAL STIFFNFSC MATRIX IS CALCULATED 

F Q P  1ORSIC'N (ABOlIT LOCAL X-AXIS)  
KC@E (3 )=ELZt  LCCAL STIFFNESS M A T R I X  IS CALCULATED 



C 
C 
C 
C A 1  
C A 2  
C T J l  
C 
C TJZ 
c B I Z 1  
C 
c B I Z 2  
c B l Y l  
C 

c k l  
C 
C R 2  
c C Y 1  
C 
c C Y 2  
c cz1 
C 
c c 2 2  
C SF 
C 
C 
C 
C E  
C G  

c e w  

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
c. 
C 
C 
C 
C 

= I N P I I T  
= INPUT 
= INPUT 

= INPUT 
= 1 N P W  

= I N P U T  
= INPUT 

= INUPLIT 
= I N P G T  

= 1NPU-I 
= I N P U T  

= I N F l l T  
= INPUT 

= I Y P U T  
= IRPUT 

= IIVF'UT 
= I V P U T  

FCR b E N C I N G  ( A B O U T  L O C A L  Z - A X I S ) .  
KCOE ( 4 ) = b Y 9  L O C A L  S T I F F N E S S  M A T R I X  I S  C A L C U L A T € D  

C K O C S - S E C T l O N  APE& A T  EAP Ell'[? 1, 

C R O S ~ - S E C T I O N  S A I N T  VENANTS T O R S I C N  C O N S T A N T  ( J )  I N  
JC- AT BAR END 1, 

CFP5S-SEC7IPN APEA MOMFNT CF T N E R T I A  ABOUT L O C A L  

S A M €  A S  6 1 2 1  A T  EAR END 2, 
C R P 5  S- ,CELTION AkFA MOWFNT CF I N E R T I A  ABOUT L O C A L  

FOP PENDING ( A B P U T  L O C A L  Y - A X I S ) .  

S P M €  A S  A 1  A T  PAR FND 2-  

S E M E  A S  T J 1  A T  bPR FNL, 2 -  

P-AXIC ( F O E  PENDING) A T  B A R  END 1, 

Y - A X I S  ( F n F  E E N D I N G )  A T  E A P  END 1. 
SIME A S  E I Y l  A T  PAR END 2 .  
D I l r T f M C E  FRCM L t C A L  X - A X I S  T O  OUTER F I B E R  FOR 

S P V E  A Z  R 1  AT PPR END 2 -  
DIZTANCE FROM X Z  P L A N E  T O  OUTER F I B E R  FUR R € N D I N G  

TCPSl(3N STRESS C A L C U L A T I O N  &T B A k  E N D  1- 

ZlFESS C A L C U L A T I O N  A T  EAP END 1. L L T - A L  Y D I R E C T I O N -  
$ & H E  A S  C Y 1  A T  PAR END 2, 
P I S T A N C E  FGClM XY P L A N E  TO CUTER F I G E R  FOR B E N D I N G  
YTRESZ C A L C U L A T I O N  AT EAR FND 1, L O C A L  2 D I R E C T I O N ,  
S A M E  A 5  CZ1 AT EAR END 2, 
SHAPF FACTOR (K) FCR SHEAP I N  KAG. 
U T F  S F = O . O  FkR NO SHEAR D E F O P M A T I O N  1N B F W 3 I N G .  

SF=.5 FOP A THIN W A L L E D  C I R C U L A R  C Y L I N D E R .  
S F = I - O  FCR A SCLID C I R C U L A R  C Y L I N D E R ,  

Y r u w s  FtrcwLus OF ELASTICITY, 
S P E P P  MODULUS OF E L A S T I C I T Y -  

NAMfiK = IhPUT TYPF OF ZTIF M A T P I X  WANTED-  
= K l r  tfSF': K l A l  FDR A X I A L ,  KlCl FOR TORSIOIU, 

K l b l  FCW BENDING. 
NAMEST = I N P U T  O P T I O N  FPK S T P E S S  TRLNSF@PMATIQN. 

= 6H CR 6HNCSTRS .NC SWFSS TRANS C A L C U L A T E D .  
S = (?lITPl:T Z ' I I F F N E S Z  MATRIX ( S A M E  A S  GLORAL L O A D  T R A h S f O R M A T I O N  

PJIPTRIXI, SIZE112,12). 
TL = C U T P U T  LRCAL LC'AD T R A Y S F O R M A T I O N  M A T R I X .  Z I Z E f 1 2 , 1 2 ) 0  
TS = OCfP1'7 '  t fRFSS T R A N S F O P M A T I O N  M A T R I X -  S I Z E ( N P S T * l Z ) .  
N R S T  = CUTPUT b!UME.CF O F  ROWS I N  STRESS T R A N S F C R M A T I O N  M A T R I X ,  
KC J = 1PlPV1 COW LLMENSION OF C J  I N  C A L L I N G  PROGRAM. MfN=3. 
K E J  = I N P l l T  FUW D I M € N S I O N  OF E J  I N  C A L L I N G  PROGRAM. MIN=3m 
KS = I ~ J P V T  RCW DIMENSIC'N OF C IN C A L L I N G  PROGRAM, M I N = 1 2 0  
K T L  = I N P U T  RCW D l M E N S l O N  C'F TL IN C A L L I N G  PRQGRAM. M I W 1 2 .  
K TS = INPUT ww LWENSION tx TS IN CALLING PROGRAM. MIN=NRST, 

N t  P P P L  FY P L A N  A T  'I ftFJ 
1 = SIZF LIMIlATIC'h' FXCEFREU,  
2 = NAMEK I M P K C P t K L Y  DEFINED. 

NPST = 1 2  
N€RROR= 1 

IF (K_T  .LL 12 .n~. KTL .LT. 1 2  ,OP. KTS ,LT. NRST)  GO TO 999 
DO C J=3 9 1 3  
DC' 5 I = 1 9 1 Z  
T L t I v J )  = G . 0  



C 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

StISKOUTINE TI? CALCULATE F I N I T E  ELEMENT.. 
S T I F F N E S S  MATRTX (SAME AS GLOBAL LOAD TRANSFORMATION M A T R I X ) ,  
L @ C A L  LnACl  TRANSFORMATION M A T R I X ,  
STR E CS TF ANSF VPM A T 1  Mu MhTP 1 X 9 

FOR A C O M E I N E D  M€ME!RANE-BENDING T R I A N G L E  P L A T E  ELEMENT WLlH 
UNRE S T H A I N F D  FC'UNDAR IE 50 
STIFFNESS M A T R I X  IS I N  GL@L.AL COORDINATE D I R E C T I O N S -  
GLOPAL COOED INbTE ORClFR I S  

(U9VTW,P,Q,R)  JOINT 1, THEN J O I N T  2 ,  30 
WHFPE U9V,W APF T R A N S L A T I O N S  AND P9Q.R APE P O T A T T O N S -  
GL@EAL LOAD TRANSFOKMA'iION MA7 F I X  R E L A T F S  LOADS AT TRNGL V F R T I C E S  IN 
GLCBAL COC'KDXNATF D I R E C T I O N S  TO OEFLECTICMS I N  THE G L O B A L  COORDINATE 

ROW CRDER I N  GLCBAL LOAD TRANSFORMATION M A T R I X  I S  
D I R E C T  TUNS 

(PUTPV,PW rHP*FLIO,MR) JOINT 1, T h E N  J O I N T  2.30 
WHERE P IS F O R C E  AND I4 I S  MOMENT. 
LOCAL LOAD TRANSFCRMATlON M A T R I X  R F L A T E S  LOADS AT TRNGL V E R T I C E S  I N  
L@CAL C@@RDINATE SYSTEM TO D E F L E C T I O N S  I N  THE GLOBAL COORDINATE 

ROW ORDFR IN L O C A L  L E A D  i K A N S F f l K M A T I U N  M A T R I X  15 
DfRFCTX@NS 

( P X T P Y I M Z )  JPIFIT 1 THFN 293, N E X T  
(PZ ,MX,MY)  J O I N T  1 THEN 293. 

WHERE P I S  FPPCF A N D  M IS M@MENT. 
S T P F S S  T P A h S F r 9 M A T I O N  M A T R I X  P E L A T E S  STFFSS AT TRNGL V E R T I C E S  I N  L O C A L  
COORDINATE SY5?EP? TCt DTFLECTIONS I N  THF GLtRAL COORDINATE D I R E C T I O N S .  
ROW O R D F F  IN C T P t \ , ?  I F A N S F O R M A T I O N  M A T P I X  I S  

( S L G M A - Y 9 5 1 G M A - Y , T A h I t X Y )  FOR ( Z = I b E N / Z )  AT J O I N T  I t  
THEN J O I N T  2 9 3 .  
( ' I G M A - X T C I G M A - Y , T A U - X Y )  FUR ( Z = - T B E N / Z )  AT J O I N T  1, 
ThFN JOINT 2 9 5 0  

WHEPF SIGMA 15 NClRMbL STRESS AND TAU 1 5  SHFAR S T P E S S -  
EULER ANGLE- C-OPlV€N?ITVV IS GLOFAL X,Yy,Z PFRMUTATION. 
C A L L S  F O R M A  SUBROUTIN€? ATXHAI  ,DCOS2rKZR1,KZfil,MUL~A,ZZB@MB, 
DEVE-LOPED F Y WA P.ENVt-I€LD* FEFKUARY 1973. 
L A S T  REVISICN R Y  MA B E N F I E L D ,  MARCH 1976- 

SURRDIJT I N  F ARGUHEN? C 
C J  = I k F W  M A T R I X  C F  GLUCAL X,Y,2 C@OPDINAT€S A T  T R I A N G L E  JOlNIS.  

RTWS 192 93 CCRPE SPOND TO X ,Y vi! C O O R D I N A T E S -  
CC'LS 1 7 2 9 3  CORPESPOND TO JCTNTS 1 ~ 2 ~ 3 .  S I Z f ( 3 ~ 3 1 o  

EJ = llvPUT M A T F I X  OF EULER ANGLES (DEGREES) AT 1RIANGLE JOINTS. 
PnW? 1 9 2 9 3  CUPPFSPOND TT) C L O P A L  X,Y,Z PFRMUTATION. 
CC'LS 1 , 2 , 3  CCRRESPOND 70 J P I N T S  1 . 2 9 3 .  S I Z E ( 3 r 3 1 e  

TMEM = 1NYlJT t F F t C T l V E  MEMFKAMF THXCKNESS 
TbEN = LNP1'7 F t - F E C T i V F  hENDXNG Tkf ICKN€SSo 
E = r N w T  YF'IINGS rmouius OF ELASTTCITY. 
ANU = I N P U T  PflY SSONS R A T I C .  ( t / Z G ' r - l o  
NAMFK = INPU' I  TYPE OF STIF M A T R I X  WANTFO. 

= K l c  USFS K 2 A I  FOP MFMRRANE, K281  FOR BENDING. 
NAMEST = INPUT ewimt F C I K  S T P E S S  TRAMFORMATION. 

= 6H (3P 6HNCISTRS ,NO STRESS TRANS CALCULATED, 



STF2 -- 2/ 2 



C 
C 
C 
C 
C 
C 
C 
i 
c 
C 
C 
c 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
L 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBR@lITINE TO CALCULPTE FINIIF E L E M E N T c o  0 

STIFFNESL N h l P T X  ( S A M E  AS GLUPAL LOAD TFANSFOPMATION MAIRIX)9 
LCCAL LUAP TRANSFC'KMATION MATRlX (NOT YFT) ,  
S T P F F S  TRANSFOPMATIW M A T P I X  (NOT YFT19 

FER A COMF I N F D  VFKSFANF-PfiNDlNG QUADRILbTERAL PLATE ELEMENT WITH 
UNRE STPAINt  D PWNDAF I F S O  
STIFFNESS F I A I P I I X  IS  I N  GLLIPAL CC'ORDINATE DIRECTIONS, 
GLOFAL CCORDlbIATF GKDFR IS  

( U ~ V ~ W T P T C T R )  JCIVjT l r  THEN JOINT 2 ,  39 4- 
WHERE UIVTW PPF TPANSLAT IONS AND P v Q t P  A R E  PQIATIUNS- 
GLOBAL LOP9 TRPNSFCFMPTIOK MATRIX PELATF5 LlTlADS AT QUAD V E R T I C E S  I N  
GLfiBAL CP1ClfcDlIUTE DIr<€CTlONS 7 P  DEFLECTIONS I N  ThE GLQRAL C O O R D I N A T E  

RON nREFR 1hI  GLCRkL LT1AI) TRANSFCRMATION IUATPIX IS 
DIPECTICNS 

( P U , Y V I P W , M P T M ~ T M R )  JOINT 1 9  THEN JOINT 2 9 3 t 4 ,  
WPFRE P IS FItFCF ANI .  M 1: ffiUMENf. 
LC'CAL LCRD TRANSFPRMAl I O N  MPTF I X  RELATE? LPADS A T  QUAD VER1IC.ES 
IP' hCLAL CfiC!FDI!.I&TE SYSTEM TO UEFLECTIllFtS I N  THE GLOPAL COORDINATE 
D I + ' F C ? I O N ,  
STrlE3,C TRAN5FPRMAlION M A T R l X  RELb.TF5 CTRFSS AT QUAD V E R T I C E S  I N  LOCAL 
COCiR@INATE CYCTEM TD nEFLfiC7 l O N S  I N  THE GLflBAL COURDlNATE DIRECTION, 
EULER PP'GLF COMVFbTlON I S  GLUEAL X t Y 9 Z  PfRMUTATfONm 
CALLS FCfRMA SUHKClfTINEZ CTF2 ,PEVEDD9ZZRCIMP 
DEVELllPFD B Y  WA t rFNFIFLDp RL WOHLENm FEBFWARY 1973, 
LAST 9 E V i S I C N  R Y  W A  BENFIELD, MARCH 1576- 

S U t D 0 U l  I iYF  A K G ~ V ~ F N T ~  
C J  = INP117 M A I F X X  OF C-LCIBAL X p Y t Z  CLQRDINATtS A T  QUAD JOINTS, 

ROW? 1 9 2 9 3  COPREYPPND TO X ~ Y T Z  COCPDINATES. 
C U L 5  I 9 2 9 3 7 4  CORRFSPOND TO J@INTS 1 9 7 9 3 r 4 o  SIZE(3941o 

E J  = YNC'UT MATPIX OF EULFR ANGLFS fDFGRFES) AT WAD J@INTS. 
POW: 1 T 2  9 3  CWPESPOND 7n GLfleAL X,Y,Z  PERMUIATION- 
CI'LC 192 9 3 9 4  CCRPFZPCIND Tl? JOINTS 1 , 2 9 3 9 4 ,  S ~ Z E ( ~ T ~ ) .  

TMEM = INPUT t F F F C . T l V  t MFMPPAN€ ThICKNESSm 
TbEN = INPUT E F F F C 7 I V E  P F N D I F l G  THICKNECS-  
E = I N P l ' ?  YC'UNGS MC)DlfLUS OF FLASlICITY- 
A NU = 1FIPU7 P C I S S C N S  R A T I C I .  (€/2G)-lo 
NAMFK = I N P U T  7 Y P F  0). S T I F  M P T R I X  WAN1FDo 

= F l T  U S t S  4 TRIANLL€St C'VFKLAP AVERAGt, 
NAMES1 = INPUT CPTIUN FPR S 7 P F S S  7PANSFORMPTIONo 

= bP (JR tAINO5TRS ,NO STRFSS TRANS CALCWLATtOo 
S = nlJTPUT STIFFNCSS M A f P l X  ( S A M €  A S  GLOHAL LOAD TRANSFORWATICN 

M A T F L X ) .  S ~ Z F ( / ~ T ~ ~ ) O  
TL = OUTPUT LC'CAL LOAD TRRNSFDKMATICN M A T R I X ,  S I Z E ( 2 4 9 2 4 )  



C 
C 
c 
C 
C 
c 
C 
C 
C 
C 
C 
C 

TS DUlPUT CTPFSC 1RAMSFCJPf6AJION M A T R l Y .  S I Z F ( N P S l , 2 4 ) .  
NQST = PUTPL'T NL'MFFR D F  POWS IN S T R E C S  TQANjFDRMATION M A l R L X .  
YC J = IP 'PI 'T QPW @IMFNSI@N DF CJ I N  CALLING PPCGKAM- MIN=?, .  
K E J  = I N P I I T  RnW DIMFNSION @F E4 IN CALLING P R Q G k A M o  M I N = 3 .  
KS = 1NP19 PCIN C'lMEMSION OF $ I N  CALLING PFPGRAFrlo M I N = 2 4 .  
KTL = Ih lPI jT  PPW DIMENSION CF 7 L  I N  CALLING PPOGRAM, M I N = 2 4 *  
K TS = l N Y l l T  RC'W D l M € N S I O N  DF TS I N  CALLING PROGRAM. MIN=NRzTo 

NRST f 2L* 

i F  (KS .LT, 2 4  .('F. KTL .L7. 24 ,OR, K T S  . L l .  N R S T )  GO TO ~ 9 9  

DO 5 1 = 1 ? 2 4  

N€RR@R=l 

DC' 5 J=l,;h 

5 S ( I p J )  = (7.0 
I F  (NAMEK .EC. 6bk3 1 id' TC' 110 

GO TC! 999 
NERRCP=2 

C 





S T f 3 A  -- 1 1  2 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

S U 6 R O U T I N E  T O  C F L C U L A T E  F I M I 7 E  ELEMENT-,, 
S T I F F N E S S  P A T R I X  ( S A M E  AS G L D E A L  L O A D  T R A N S F O R M A T I O N  M A T R I X ) .  
L C C A L  L P A D  T R A N S F O R M A T I C N  M h T F I X p  
STRE5S TRPNSFCRMATICN M A T R I X ?  

FOP A PFCTANGULAP S K E A F  P A N E L  E L E M E N T  W I T H  U N R E S T R A I N E D  G O U N D A R I E S  - 
STIFFYESS M A T R I X  1s I N  G L O B A L  C O Q R D I N A T E  D I R E C T I O N S -  
G L O B A L  COORD I Q A T E  ORDER IS 

(t!rV,W) JCINT 1 .  THEN JOINT 2, 3, 40 
WHERF U.V IW ARF T F A N 5 L A T I O h S o  
G L O E A L  L C A D  TRANSFORMATION M A T R I X  R E L A T E S  L O A D S  A T  P A N E L  V E R T I C E S  IN 
GLOF ,?L C O O R D I N A T E  DIFECTIONS TO D E F L E C T I O N S  I N  THE G L O B A L  C O O R D I N A T E  

RCW OR3FR I N  G L C B A L  LOAC T R A N S F O k M A T I O N  M A T R I X  IS 

WHERE P I S  FfRCF. 
L O C A L  LClAD T F A N S F W M A T I O N  M A T R I X  R E L A T E S  L O A D S  A T  PAkEL V F R T I C E S  I N  
Lf3CP.L COORDINATE S Y S T E M  TC UEFLtECTIONS IN THE G L O B A L  C O O R D I N A T E  

ROW ORCIFR I N  LPCAL LI'kD TPANS:':CKMATTC!ON M A T R I X  I S  

D I R E C T I @ N S  

(PU9PV,PW) J C I W  1 9  T H E N  JCINT 2 9  3 9  I -  

D I R E C T I O Y S  

p x  L,D);2 9 P x?'? P x L 9  P Y I  9 PY2 . Y Y 3 .  P Y 4  
WHERE P I S  F1'RC.F- X GOFS FPUM 1 TC 2, Y G O E S  FREM 1 TU 4, 
STRESS TQRNSFPPMATI@N MATP I X  R E L A T E S  P A N E L  SHEAR STRESS ( C O N S T A N T )  I N  
L O C A L  CCDRDXNATE S Y S l E M  TO C E F L E C T I f l N S  IN T H E  GLOBAL COORD D I R E C T I O N S ,  
FULEK A N G L t  CCMVFNTXC'N I F  G L C F P L  XvY.2 P E R K U T A T I O N ,  
C A L L S  FC'RFIA 5t'P-R OUT I N E S  ATXPAl ,DC@S3C 9K3C1 9MULTA TZZBCME 
DEVEL@P€G PY R L  WCHLFN. A P R I L  1974- 
L A S T  FFVISION P Y  W &  h E N F I E L O -  N A P C H  1976, 

SUPR@UT I N f AR GUR€ NT S 
C3 = INPUT rYATF1X OF G L C E A L  X,Y,Z C O O P D I N A T F S  A T  P A N E L  J Q I N T S m  

ROWS 1 , 2 9 3  CORRESPOND T O  X9Y.L C O O R D I N A T E S -  
C O L S  292 9 3 r k  CORRESPOND TC? J O I N T S  2.2*3,4- S I Z E f 3 . 4 ) -  

E J  = I W P U T  M A l Q I X  O F  F U t F P  ANGLES ( D E G P E E S )  A T  P A N E L  J ' Y I N T S -  
P C k f  1 ~ 2 ~ 3  CCRPESP@?4D TO G L O e A L  X,V,Z P E R M U T A T I O N .  
C C L S  L r Z r 3 9 4  CCRRESPONO TO JOINTS lt293t4- SIZE(3r4)m 

TH = INPUT PtbJEL T h l C K N E S S -  
G = ih'PL'T C t i F A P  f - iCDl lLU5 CF F L A S T I C I T Y ,  
MAMFK = IFIPlr? T W F  PF S T I F  M A T R I X  WANTED- 

= r , l l  USC? K 2 C l .  
NArYlFST = INPUT OPTIC+J FCR C T k E S t  TPANSFFRhPTiCN. 

S = O U T W l  5 T I f F t v F S S  M P T 4 I X  ( S A M E  P S  G L O B A L  LOAD T R A N S F O R M A T I O N  

T L  = OUTPUT L [ L A L  L @ A D  T P A h S F P P M A T I n N  M A T P I X -  S I Z € ( h , l Z ) .  

NPST = OllTPlJT NUMFFP O F  KOWS I 1  I N  STRESS T R A N S F O R M A T I O N  M A T R I X ,  
K C J  = INPI11 RCW P I M E N S I C N  fF CJ I N  C A L L I N G  PSCGRAM, 

= h P  OF IWNCSTRS ,NO STRESS TRANS C A L C U L A T F D -  

M A T R I X ) .  SlZF(22912)- 

TS = OLITPUT S T R F Z S  T F A N S F O F M A T 1 O N  M A T R I X .  %IZE(1912) 

K F J  = I N P O T  QnW D I M E N S I C * N  CIF F J  I N  CP.LL ING PROGRAM. 
US = INPt 'T POW D I M E N t I O N  OF S I N  C A L L I N G  PPOGPAM- M I N = 1 2 0  
KTL = X?!PL'? PCb! D1EEN.CION OF TL IN C b L L I N G  PRClGRAM, MIN=E. 
K T S  = ~ N P U T  PUW O I M E N ~ I C N  CIF TS r N  CALLING PRPGRAM- M I N = ~ .  



STF34 -- 2 1  2 



TEGEOM 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 

SUFROUTfNC TO DETERMINE mE VOLUME AND VQLUMF CHANGE COEFFICIENTS OF 
A TETRAHFDPCY. 
CALLS FCRMA SlfBP@UTIN€S VCROSS VVDOT 0 

D E V E L O P E D  F Y  C 5 PCDLEY- FtPPUARY lQ74- 
LAST R E V I S l O P J  FY  R A PHILIPPUS, AUGUST 1974, 

C J  = IF!PUT M A T F  1 X  CF JC'INT CGCPDINATES- SIZE (3 r@ 1- 
SUBPC~IT r m -  APWMENTC 

JM = l N P U T  VECTCR CF JOINTS DEFINING A TETRAHEDRCN, SIZE ( 4 1 ,  
VL = CUTPLt1 VCLL'ME PF TETRAh€DRON D€FXNE:I? F Y  JM, 

K C J  = INPL'f  FRW DfMFNSI(7N S I Z E  OF C3 IN CALLING PROGRAM, MXN = 3, 
I F B A D  = OUTPUT 

DV = OUTPU.1. LFCTCP CF VCLUMF CHANGE C O E F F I C I E N T S -  

= 15 v TbE TETREHEDRC'N VERTICIFZ AEF NOT NUMBERED ACCORDING 
TO THE ES7A6LISFED CONVENTIONI  CR LIE I N  A PLANE- 

C 

C 

C 



C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 



C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

INPUT DATA FFAI? I N  T H l S  SUEROUTINE FROM NUTEL. I F  NUTFL = S T  DATA IS 
RE-AD FROM CARDS. 

N A M F M , N ~ M ~ - K T N A M E L T T N A ~ ~ ~ T ? ~ A M € ~  FORMAT ( 5 ( A 6 ~ 4 X )  
R O V E  tANU FORMAT ( 3 ( 5 X * E 1 0 )  
TMASCTTMEMC~TB€NC FOPMAT (3(5XwE101)  

20 N € L J 1 9 52 , J3 TME ' V 9 TM EM VT TB €hi V FOPMAT (415 ,3€10)  
I F  ( 3 1  .EQ. 0 )  RtTURN 
GI2 10 20 

DEFIh' lTIC'N @ F  INPUT V A R I  APLFS. 
NAMEM = TYPE OF MASS MATRIX WANTED- 

= MI, DIAGONAL LUMPtD- 
= M?? CCNFI5TEMT- 
= bH CR 6WNCMASSr NU MASS MATRIX CALCULATED- 

NAMEK = TYPE CF 5TIFFNESS FtA7RIX WANTED. 
= K3v  QUADRATIC DISPLACEMENT FPR MFWBRANEI CUBIC 

OISPLACENENT FOR RENDING, 
= CP C!R 6PNOSl IF? NC! STTFFNESS MATRIX CALCULATED- 

NAMELT = I D F N T I F I C A T I P N  NAWE FCR LQXD TRANSFORMATION MATRICES- 
= 6l-l OR 6PNCLCADt NC LOAD TRANSFORMATIONS CALCULATEP- 

RAMEST = IC€P:TIFICATION NAME FPP STRESS TP.ANSFCRMATION MATRICES. 
= 6H CR 6HfVOSTPSr N t  STHFSS TRANSFORMATIONS CALCULATED, 

NAMEF = TYPF OF PUCKLING M A T P I X  WANTED. 
= 6 P  PI? 6HNl:EUCK, NO EUCKLING M A T R I X  CALCULATED- 

RO = M A S S  DEN5ITYo 
E = YCUNG!: KfJDL'LUS OF ELASTIClTY.  
ANU = PCISSCNS RPTIC, fE/ZG)-L. 
THASC = FFFCCTIVF ML\SS THICKNESS? (CONSTANT). 
TMASV = E F F € C T I V C  M P C 5  ThSCKNESS 9 ( V A R I A B L E  1. 

TMEMC = E F F F C T I V l  KfMfrRANF THICKNESS, ICONSTANT) 
TMEMV = FFFECTIVE b9EMRP ANt THICKNFSS. I V A Q I A P L E )  

I F  .LFo C.1 T M A I C  IC I I S E C o  

1 F  .LE- 0.9 TMEMC 1 5  USED- 
TBFNC = FFFFCTIVF F t N D I N G  THICKNFSS. (CONFTANT). 
T6ENV = F F F F C 7 I V F  t E N L L F 1 6  THICKhrESS? ( V A P I A R L E  1 .  

I F  .LE. 0.9 TtENC is U S E D .  
N€L = F I N I T E  FLFME-NT NUMI-ER- FOR P F F E R E N C E  ONLY, NCT USED I N  

CALCtILATIPNC, WRITTEN @N KUTMXI ETC. 
J1 = JnINf NIJFTBEF AT TPIkNGLE VER.T€X 1- 
5 2  = J O I N T  NUMFFP AT I P I A N G L E  VEPTFY 2- 
J 3  = JL'INT N U P l t K G  AT TFI&NGLF VERTEX 30 

SUPPCUTTNf A°C1lMFNIS ( A L L  INPUT 1 
XYZ = M A T P l X  f F  JOIFJT GLL'BAL XvYtZ LOCATIUNS. ROWS CORRESPUMD 

1 0  JC'lNI I \ I t ' M t t P C .  Cf'LUMNC 1 ~ 2 1 3  C.nPRE?POND TO THE JOIN?  
Y , Y 9 2 L C'C A 7 10 NI P FS Y E C T I  VF L Y e 5 I Z t f N J 9 3 1 0 

JDCF I r l P T F l X  CTF JI'IN1 GLObAL D F G R E E S  ClF FR€EDOM- ROWS CCRRESPC!NL 

TPAt"!LAl IUrV G O F S  AND CULUMI'JS 4,596 CORRESPOND T O  THE J O I N T  
7r-t .WIW NUMPFKQ.  CC~LUMNS 19293 CCIPRESPONO IC? THE JUINT 
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C QCTRTI@hi  DCFS- S I Z E ( M J r 6 ) -  
c €UL = MATRIX OF JOXNT EULER ANGLES (DECRFES), ROWS CORRESPOND 

C CLCPfiL X t Y I i  PERMUTATION. S I Z E ( N J , 3 ) -  
C NUTEL = LOGICAL NUMBER OF TAPE CONTAINING ELEMENT INPUT DATA FOR 

C 10 JCIINT NUMBER:, CnLUMNS 1,293 C(1RRESPQND TO THE 

C T H I S  SUFFl2 l lT lNE~ 1F NUTEL = 5 ,  DATA IS READ FROM CARDS. 
C N J  = N U P F E R  OF JCINTS 09 R W S  I N  MATRICES (XYZ), (JDOFI r  ( E U L I -  
C NUTMX = LCGICAL NUMEEP OF U T L L I T Y  TAPE CN WHICH ELEMENT 
C MPS5 MATPlCES AND I V E C S  ARE OUTPUT- 
C NUTMX M A Y  F f  ZERO I F  MASS MATFIX IS NOT FORMED- 
C U F E S  FPPTQAN READ,  NRlTE- 
C NUTKX = LCGZCAL NUNPER CIF U T I L I T Y  TAP€ CN WHICH ELFMENT 
C S T I F F N E S S  M A T R I C F S  (SAME A S  GLOBAL LOADS TRANSFORMATION 
C MBTPICEL) AND I V E C S  ARE OUTPUT- 
C NtITKX M A Y  BE ZERO I F  STIFFNESS M A T R I X  IS NOT FORMED- 
C USE 5 FCRTRAN RE AD, WK I T F -  
C NUTBX = L C G I C P L  NUMtcER CF U T I L I T Y  TAPE. ON WHICH ELEMENT U N I T  LOAD 
C FUCKLINC MATRICES AND IVECS APE C'tfTPUTo 
C NUTPX MP.Y P E  ZERO IF BUCKLING MATRIX IS NOT FORMED- 
C U?E!: FCPTRAN REACl t  WF I T E -  
C NUTLT = L O G I C A L  NUMBER CF U T I L I T Y  TAPE CN WHICH ELEiiENT LOCAL 
C L@AD TRANSFORMATIOM M b T R I C E S  AND I V E C S  ARE C'UTPUT- 
C NUTLT M k Y  hE ZERO I F  LOAD TRANSFORMATIONS ARE NOT FDhMEbo 
C U S E '  FOKTRAN R E A P ,  GbRITE. 
C NUTST = LOGJCAC IIIltMBEk OF U T I L I T Y  TAPF ON WHICH FLEMENT 
C S T F F Z S  TFAh",FORMRPI@N M A l R 1 C E S  AND l V E C S  ARE ClUTPUTo 
C NUflCT M A Y  f3E Z E R O  I F  S T R € S S  TRAMSFORMATIONS ARE NOT FORMED- 
C IJSE S FOATQPN RE AD 9 WR 1TF. 
c w  = M A T P I X  WPPK S P A C E -  MIN S I Z E ( 1 8 r 1 8 1 -  
C T  = MATRIX WCRK SPACE- WIN s I z F ( 1 8 7 1 8 ) -  
c s  = MATFIX WOPK ~ P A C F -  MIN S I Z F ( I P ~ ~ E I L  
C K X  = PflW DXM€NSICrN C F  XYZ I N  CALLING PROGRAM. 
C K J  = RCW DIMENSIC'N OF JUCf I N  C A L L I N G  PPCtGRAMm 
C KE = RPW Cf1MFPlSTC'N OF FUL IN CALLING PROGRAM- 
C KW = QOW DIMEN5lCtU O F  W t  T, AND S IN CALLING PROC-SkM- MIN=18. 
C 
C N F R P C i R  E>rPLPNA7 10N 
C 1 = JC'1Nf NlIMP€R GREATER TPAIII NUMEER O F  JOINTS* 
C 2 = M A S S  M A T R I X  FL'RMFD, NUTMX -LE. Z E R O -  
C 3 = ,CTlFFNFT' :  MATRIX FC*RMEV, NUTKX - L € e  Z E R P ,  
C 4 = LT M A l F I X  FClPMFDq FvUTLT - L E -  Z E P O -  
C 5 = ST MATRIX F O R M f t j v  NUTST .LE-  ZERO- 
C 
IO01 FCPMAT ( 5 f C 6 9 4 X )  1 

1003 FCIRflAT ( 4 1 5 ~ 3 F 3 0 . ~ )  
1002 F C W A T  ( w j x , n o . r t ) )  

2001 FL'PNA'I ( / / 3 Z X  LYhINPUT L A T A  FflR CCJMFINELJ M€MERANE-P€NDING TRIANGLE 

2002 FCIPKAT (//26X 49HINPUT b A T A  FOR CPMPINET, MFMRPANE-BtNDlNG T R l A N G L E  
* l S t i  PLATE FLFMFNIS) 

* 771' PLAIE- ELFMENTS (CCNTINUED)) 
2003 FP0PA-l  ( /  13%7PMASS = A b ,  13X7HSTIF = Ab9 6X13HLOAD TRANS = A 6 9  * 3 % l F P 5 7 F E S S  7T'ANS = A 6 9  3Xl lHPUCKLING = A 6 1  

* / I3X'!+krPP = E 1 0 0 3 9  13X3HF = f10.3, 
rp. / ICjYCIHT(MASS) = E10.3, I2XLP'NU f € 1 0 - 3 ,  
* / 3 Z X I 3 H f  ( M E M P P A N I  I = k 1 0 - 3 7  
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